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VI PREFACE. 

treated mainly from a theoretical point of view ; in the five suc- 
ceeding chapters, the nature, properties, and testing of lubricants 
are dealt with; and the two final chapters are devoted to a 
description and discussion of the practical application of lubri- 
cants to machinery for the purpose of reducing friction and 
wear. In the last chapter, which has been written chiefly for 
engineers in charge of machinery, many points are again briefly 
discussed which have already been more fully treated in earlier 
portions of the work. 

The descriptions of oil-testing machines in the chapter on the 
mechanical testing of lubricants are based almost entirely on 
published information; but, in the instructions for their 
manipulation, an endeavour has been made to state the 
conditions under which tests may be made for " oiliness " or for 
viscosity, much that has been written on the subject being 
unsound, owing to a want of knowledge concerning the con- 
ditions under which these two properties of lubricants are of 
active value. 

For the theory of viscous lubrication we are indebted, firstly, 
to the experimental work carried out for the Institution of 
Mechanical Engineers by Mr. Beauchamp Tower, and secondly, 
to the theoretical explanation of Mr. Tower's results communi- 
cated to the Royal Society by Professor Osborne Reynolds, F.R.S. 
Without losing sight of the valuable work done by other investi- 
gators, amongst whom should be mentioned Professors Thurston 
and Goodman, also Mr. Veitch Wilson, who, as a manufacturer, has 
laboured for so mauy years to spread a correct knowledge of the 
nature and properties of lubricants among users, it is not too 
much to say that the work done by Mr. Beauchamp Tower and 
Professor Osborne Reynolds has been mainly instrumental in 
leading to the adoption of scientific methods of lubrication, and 
has enabled the part played by the viscosity of the lubricant to 
be clearly stated. An equally complete treatment of the theory 
of oiliness or greasiness is at present impossible ; but the bearing 
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Vlll PREFACE. 
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LUBRICATION AND LUBRICANTS. 



CHAPTER I. 

FRICTION OF SOLIDS. 



Introductory. — The object of mechanism of all kinds is the control 
or utilization of energy for the purpose of doing useful work. Owing, 
however, to the necessary imperfections of our methods, a large part 
of the energy applied is wasted in various ways; mainly, in over- 
coming the resistance to relative motion offered by the opposing 
surfaces of the machines themselves. 

The least force properly applied to a perfect machine at rest should 
set it in motion, and, owing to the inertia of its parts, such a machine 
once set in motion, but not doing work, should continue to move 
•with uniform velocity ; but there are causes which operate to arrest 
motion, firstly, the inertia and frictional resistance of the air ; secondly, 
the friction, between the rubbing surfaces of the machine ; and thirdly, 
induced electrical currents. The frictional resistance of the air may 
be reduced by shaping the moving surfaces of the machine so as to 
oppose the least surface to its action ; with the electrical resistances 
we are not here concerned. The most perious resistance to the 
motion of heavy machinery is the friction between the opposing 
surfaces, and it is in order to reduce this friction to a minimum that 
lubrication is resorted to. 

In some cases the frictional resistance between opposing surfaces 
is utilized as a means of transmitting motion from one portion of a 
machine to another, or from machine to machine. Friction clutches 
and belt or rope gearing may be instanced as cases in point. Here 
the object is to make the frictional resistance as great as possible, so 
that the opposing surfaces may not slip. Such devices are, however, 
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beyond the scope of tliis work, for, although friction surfaces are often 
lubricated to a certain extent, the lubricant is applied to prevent the 
surfaces from seizing, and not to reduce friction. There are also 
instances in which lubrication is resorted to chiefly in order to 
reduce the wear of the friction surfaces, and this may be of such 
importance that the loss of energy by friction becomes quite a 
secondary consideration. 

Lubrication is effected by interposing between the friction surfaces 
films of liquid or soft solid substances which decrease the friction. 
Such substances are called lubricants. The physical properties upon 
which their lubricating powers depend will be considered at a later 
stage ; for the present we shall confine our remarks to a discussion of 
the nature and laws of so-called solid friction, i.e., the friction 
between clean solid surfaces. Such surfaces are seldom chemically 
clean; but the contaminating films do not affect the laws of solid 
friction, they only determine the degree of resistance. 

Friction is not merely a resistance to the relative motion of solid 
surfaces. The changes of shape undergone by solids 'when under 
stress, as well as the movements of liquids, are opposed by internal 
friction, which, in these cases, is of quite a different nature, and 
obeys different laws to the friction between opposed surfaces. Other 
chapters will, therefore, be devoted to the consideration of liquid 
friction, whilst in the present one the phenomena presented by the 
friction between solid surfaces only will be discussed. 

Nature of Friction. — When two solid surfaces are pressed firmly 
together they cannot be moved relatively to each other without the 
exercise of considerable force ; and when, by a sufficient effort, the 
surfaces have commenced sliding against each other, the resistance to 
be overcome in order to keep them in relative motion, though it may 
be cither greater or less than was required to start them from a state 
of rest, has at all speeds a considerable retarding effect, and is called 
the friction between the surfaces. The frictional resistance varies 
greatly between different surfaces and materials, being least between 
hard and polished, and greatest between soft and rough surfaces. 
Between leather and coarse sandstone, for example, its value is 
very considerable, and it is owing to this fact that we arc enabled 
to stand and w f alk in such perfect security on ordinary ground. 
Between leather and ice there is very much less friction. Walk- 
ing on ice is, consequently, less secure than walking on the 
ground, and progression is more safely and easily effected by skating 
or sliding. 

In the sliding or rolling of solids against each other friction owes 
its existence almost entirely to the roughness or unevenneas of the 
surfaces in contact. Even apparently smooth surfaces are not free 
from minute elevations and depressions which interlock when such 
surfaces are pressed together. Motion can then only result either by 
the passage of one set of inequalities over the other, or by the forcible 
breaking off of projecting parts. When this takes place the surfaces 
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may be continuously abraded, for it does not follow that they will be 
rubbed smooth by the friction. 

Friction between surfaces of unequal hardness results in the more 
or less rapid abrasion of the softer surface, the harder surface suffer- 
ing very slightly unless particles removed from it, or derived from 
extraneous sources, become embedded in the softer surface and act as 
graving tools. This is what occurs in the process known to mechanics 
as 'lapping,' in which emery or some other very hard substance is 
pressed into the surface of a soft metal, such as lead, which merely 
acts as a holder for the cutting material. 

Friction may be greatly diminished by making the contact surfaces 
very smooth and of exceedingly hard materials. Absolutely smooth 
surfaces cannot be produced, even the most perfectly polished surfaces 
being more or less rough. 

Rolling friction is of much the same nature as sliding friction. 
Upon perfectly plane surfaces the friction of rolling would be nil, 
but, as has just been pointed out, such surfaces cannot be produced, 
and inequalities remain which interlock and form obstacles to free 
motion. Moreover, pressure causes more or less deformation, both of 
the plane surface and of the face of the rollers, so that contact takes 
place not upon a line but upon a more or less broad strip, and as the 
roller moves along, fresh portions of the surfaces become distorted 
and some sliding friction occurs. Nevertheless, for the same load, 
much less resistance is offered to motion by rolling friction than by 
sliding friction. A block of stone, which would require the exertion 
of great force to push or drag it over the ground, can be moved with 
comparative ease upon wooden rollers. Vehicles are, for the same 
reason, provided with wheels ; and, of late years, the substitution of 
rolling for sliding friction has been extensively applied in the roller 
and ball bearings of electro-motors, tram-cars, cycles, churns, clocks, 
astronomical telescopes, and many other machines and instruments 
where the pressure upon the surfaces is comparatively light. With 
this kind of friction, substances such as indiarubber, in the form of 
wheel tires for example, may be used to roll over comparatively 
rough surfaces without much loss of energy, the elasticity of the one 
surface enabling it to change its form to suit the inequalities of the 
ground. 

Circumstances which Influence Friction. — Cohwion.—A cause of 
friction remains to be considered which is aggravated rather than 
diminished by our efforts to produce smooth surfaces. The more 
perfect the surfaces, the more closely will they be brought into con- 
tact, and at very small distances molecular forces come into play 
which cause very true surfaces to adhere strongly and thereby resist 
sliding impulses. Two pieces of plate glass, for instance, carefully 
cleaned from dust, may, if placed upon one another and pressed 
together with a sliding motion, be caused to adhere * so strongly that 

* A distinction is sometimes drawn between adhesion and cohesion which is 
not warranted by the facts. See Tait ; Properties of Matter, 1st edition, p. 225. 
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Si*..V "' ■ 



:- . ;.r..." ■*";:.:: -"-. -~~ -•-" * T '- p'.-Tlv**? ■:■: Jfrai which 
}..iv-. "■■■•:. :•■.-":. ■•■ -.:•_-.»-.■; .: * ::•?•:-.*. ".t-.:.-:: t-.h. l v »* tc-~_~ motion, 
w:*„ ...".■.-."!: -."_-_. *: -.* ^*il " i.-- .: :i-y ::~r_**l :l-t ha**- In other 
w..-« "-. -■...:. -..::... : -i -.t_.-._ ;■_-. r 1 ic-i: -: ' 5- .:? " ;.■.. *~L~ materials 
(•-:•..'■ *.-. j :: . :•_ v. .".-:-. ^ ::..-«- .: .... ■*-. i-z. i^'.z. Walthere 
S; :::.» :..-:- -:■■'•:. :..;.*. "»: r '...*i .:' i:-?; -•;!.*. J f-r. : -t*l*i 10 sufB- 
ii«j:.: : r- --■.:■.. ::: .v "•■. :■„..".. :. -. : :^ j_: -;_I ":.:•:):•. iL"I *:Tea alloys 
uf two .. r ::..:■. ."..*•.:.* : •_ ^ :...'.? r_ij ">: :i_? :?■•!- .-:-l* TLe preseme 
nvi'.ii'.rl i- v-.ry ::. ..;. .- -..; : : v..:.. ^ _...:.: z^-vJ. ~_.l ^? a'.-^raininm, 
th.iii \\;\). .; ^ :: ::.-■■ .'. .."•:- *.r. ".. \ _: .. . : .r ^t:--1? riT-rrairit^l upon 
wiT».* fi.'u::.i :.» w. "..; ..; k i\.:..:t :-.^_- ■•:.:::-.-. i: r-rL.:e:.:Iy com* 

r/-. '■.-' r. ; / ,: ^ « ■ ' > ':.t .-: ■ • — N.: :r.> I:> metals wben 
brought iiitoolo-- c..-:.:.ij: ...".:--:-. *::::.jly : :j. T :: ?-^fi:-e a toms or mole- 
cult's iiciually d::l •.:-*• ::.:.• va-.:. ?::.-.: :.: :: l:*.ir.- :^r:-..«rri:"re5. Prof. 
lIiilMTts-Austi.*ii. ivft-r:::.^ :;. }.:s ::.v— : : .j2".:::.» .r. :h:« 5-':;-c: f writes: 
"Tint rinitiiiuutio:. uf !:.•-*».■ vx;.-riu>.-:.:^ :. ? 1-. ". :: t:.e recopnition of 
th«? rcinarkabiv luct ;}:.*: .::::;:.*: mi of :::»:il* ..\:. r-r-li'.y be measured 
not only in moltfii V.ii in .*.»/. 1 ir.»-:.i>. I: > >-r:*:Lly remarkable 
that puM — jiIjummI at ti:e :• :: ■1:1 of a cy". :. '. r o: i-.-..i 3 inches 
high, ami huuti'il to only -'.' , .' C. »t 4 , 1 1 ".' F.. wL:-.:. :s far lielow its 
melting point, and while h i> :o a". a:»;-va:a::oe ?.- , .M — will have 
ditl'usod to the top in notable 1^1 antities by :i.tr v:.l of three day?. , . . 
The experiments summarized have already It-.id to the recognition 
of the undoubted fact that it is possible actually to observe and 
measure the migration of the constituent atoms in a metal or alloy 
at the ordinary temperature." All exposed surfaces are liable to 
undergo change, owing to the chemical action of gases contained 
in the atmosphere and other causes ; and the films of oxide, sulphide, 
grease, oil, etc., produced in this way modify the e Heels of cohesion. 
Thus, in the experiment with lead described above, unless the metallic 
surfaces are perfectly bright and untarnished, though they will cohere 

* Roberts- A Ubteu ; lattwlm'tion tu the Study // Metallurgy. 3rd edition, p. 65. 
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strongly, they will not weld in the cold. Of course, the pressures used 
in Prof. Walthere Spring's experiments were far greater than are 
brought to bear upon ordinary bearings; but, as shewn above, co- 
hesion commences between very smooth surfaces under very moderate 
pressures, and the increased friction thus set up rapidly causes the 
bearings to become heated. This reduces the pressure at which 
welding takes place, and as soon as the welding pressure coincides 
with that to which the bearing is subject, the metallic surfaces seize or 
abrade each other. Contamination films, except when the pressures 
are small and the rate of motion slow, are soon rubbed out. Under all 
circumstances, therefore, where the heat due to friction can accumulate, 
that is where it is not produced so slowly or in such small amount as 
to be conducted away as rapidly as formed, a solid or fluid lubricant 
must be interposed between the adjacent surfaces, if only to keep them 
sufficiently apart to prevent friction due to cohesion. 

Although the chemically clean and true surfaces of such metals as 
lead, tin, or wrought-iron will not slide upon each other without seiz- 
ing, cast-iron may with impunity move in contact with wrought-iron 
and steel, even when the surfaces are clean and the pressures moder- 
ately great ; indeed, dissimilar metals always work better and with 
greater ease upon each other than do similar ones. The foregoing 
statement may seem to conflict with results which have been obtained 
in measuring the frictional resistance between similar metals. In 
every case, however, when this has been done between 'tough* metals, 
there is reason to suppose that the surfaces were not chemically clean ; 
for, although experiments have been made both with and without 
lubricants, in most cases the condition of the unlubricated surfaces 
has been described as ' unctuous.' 

The friction between most so-called 'unlubricated 1 metallic surfaces 
is, therefore, not a case of true friction between pure metals, but 
between surfaces contaminated by atmospheric agencies, by grease, etc. 
from the material with which the surfaces were wiped, or by chemically 
formed films, such as oxides, sulphides, etc. Under moderate pres- 
sures such films prevent the actual adhesion of metal to metal, if the 
rate of motion be not too high and the action not too prolonged. 
This must be clearly borne in mind, otherwise what is known as 'solid 
friction' will not appear in its true light. However, so far as is at 
present known, the laws of friction between contaminated surfaces, 
and such clean surfaces as will run. Uujti]w.)\ are identical. A con- 
taminated surface is not to be regarded as one that is necessarily 
defiled, but merely one that has foreign matter on it. 

Solid lubricants are all substances which, although they may often 
be welded into more or less solid masses by pressure, oppose com- 
paratively small resistances to ' shear/ or to the movement of smooth 
surfaces in contact with them. They differ in their action from fats 
and greases, inasmuch as the latter melt and form oils at comparatively 
low temperatures, whilst the solids referred to maintain their con- 
dition unaltered between the surfaces, and prevent seizing or tearing 
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oven when the frictional resistances raise the temperature of the 
hearings very considerably. The coefficient of friction of such lubri- 
cants is, however, high, and when economy of power is of consequence, 
liquid lubricants and a sufficiently large bearing surface should be 
UB«d wherever practicable. 

Coefficient of Friction.— The relationship borne by the frictional 
resistance to the load or force prossing the surfaces together has been 
the subject of much speculation and discussion, and although numerous 
experimental researches have been carried out, such as those of 
Amontons, Coulomb, Vince, Ronnie, Morin, Kimball, and others, there 
has always been much conflict of opinion. From what has been 
stated concerning the action which solid surfaces in close contact have 
upon each other, it will he clear that, although it may be possible to 
formulate, somewhat general laws of solid friction, such laws cannot be 
expected to hold good under extremes of pressure or speed; and they 
will 1)0 affected to some extent by the nature of the materials in con- 
tact and the surface conditions. 

The apparatus used by General Morin for measuring the friction be- 
tween surfaces consisted of a loaded box (resting on a horizontal slide) 
from which a cord passed over a pulley and carried a smaller suspended 
box, which could be loaded with any desired weight. Both slider and 
slide could, after each set of experiments, be replaced by others of 
different material. By placing weights in the suspended box (the 
slide being loaded) force was applied in a direction parallel to the slid- 
ing Mirface8, and when the slide began to move the weight of the 
email box was a measure of the frictional resistance. 

In a particular experiment, the weight of the body on the slide 
being one ton, a force of 350 lbs. was required to cause it to move. 

2L>40 = ° 156 = fXl 
which is called the coefficient of friction, while 

350 lbs. = R 

is known as the total force. 

The coefficient of friction may he defined as that value which,, when 
multiplied by the pressure normal to the surfaces in contact f gives the 
measure of the, maximum frictional resistance to motion. 

Making W the weight normal to the surfaces : — 

Frictional resistance R . . . 

^Normal weight = \V = ''i =Coefficient of friction. 

Static and Kinetic Coefficients. — In some cases it has been found that the 
force It required to keep a body in motion differs from that required to 
move it from a state of rest. Obviously there must be two coefficients of 
friction of which the static (p) may differ from the kinetic (^ t ). As a rule 
the kinetic coefficient, or coefficient of friction of motion, is alone of import- 
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ance in machine work, for owing to the frwkc: or ejasasbr r£ Sat isfynuc 
parts, or the vibrations generated a: fiartiiig. iz* aacti ?x*fij*»aG i-j» nx 
make itself seriously felt. Hence the uzm * s-jefiickac :c ztj&a-jl ' lusti* 
u coefficient of kinetic friction, unless otherv?<* eac&L 

The excess of the static coefficient cms tie tzaasii it anjs: n&rki*fi ji ^ 
case of substances such as timber, whose ezt5&5>* msy ut wsifilv.7 v-n^r.^ -.7 
pressure. When such surfaces hire imarrtgi f:r *i* -in* ix Vjuutc: ioj^t 
pressure, and at rest relatively t*> e&h 'A&s. yjaja>«.-t*»: i.r** «&utJr 
applied is required to cause them to t^i*. A fi'TT.-'a/ *£*z :c ~Jut ^s^nrjuw^: 
to motion is shewn in the proaes? c€ sart^c * iw*rrr ^-xiat \o^ . ~*z&. ul 
the couplings tight, and the train as res/ii* *nr:i* j* tcavu* v. v£ -11*: 
wagons in motion. The driver. ;ie«';?i. r»rr*fff«fc L& ^■r"**- ir.fc 1 6:A- 
cient proportion of the buffer? are in rrxztzi cui *£* vjv:iii& t^b'.x : "ij^ it 
then enabled to set the wagon? in mcckc r Jot as t Lnnt. *ir. «: :«ju. wxit *«•*»: 
static or low-speed friction in d&uiL 

Solid Friction. — Ccmdifa* of Co**** Su.<?**x.—Ti* irj&vx. 
between solid surfaces depends to larpt^y -yjL tinar z*z?i?h izA 
condition that, even between rzrrSai BtStinau*. ti** fr.^sa'/L *,-> 
efficient is a very variable q-sanfcty. Hywer-er. t^srjsz. ztMvxik bar*: 
been found to exist between it, the i»i tie o:c ~avz an*. aoi tie 
velocity of robbing. These relaSao&s art ?£Zi*T*Zir k^vwz. t* t&* law* 
of solid friction. They were partly er.:^aEfcS*i -7 Ox^clv. fcV.»n a 
hundred years ago, as the result of Ids ovl ^v&LaGirjuL tiii -£ ii*>wr 
of previous workers on the Fsij*>cJ of frSss^ci. 

From what has been said regariri-g tbe i^*-Kj«* *rld*,L x^iiifT 
friction, it is clear that we are w:I1xl de*2£i£ wise. tL* v.v^tl scctus 
of metal with metal, for all prepared srrftee* *pe*»ily *«r.CA wt- 
taminated. They are then coveTed it an ext?*?=Le;T tr^- i.'rz. f A 
foreign matter — in other words, tbty are pzrti&'y \*s.*vxctd. We 
have already instanced many eases in whici tie *£**?* *.* vjrjL *xjz.- 
ditions can be detected. The foliywkg nsay zx'S H i£>w*Tez, be r /2 of 
place here : — 

A smooth file passed orer a freshly prepared rsiac* w£Z be f 'jcr^i 
to cot well, even when geni?y pressed agaiztf* lb* xieuZ, be* if tLe 
hand be passed over the metallic surface the f.;r*. of grease thereby 
deposited will so fabricate ix that considerably greaser preer^* on tLe 
file is now needed to cause it to cot. If h were 1^-: f :t tLe ycd&iL&i 
of this contamination film, soft or fcrcgh n^ul?. £ctr. \h zlz^ wro-^gLv 
iron, brass, etc, would at once seize if riVr^i verier ev*:* at \-jw 
speeds. Even wiA modera^ loaiii, ir.eq*iili:ses of tL* nria«5 nay 
project through the film and largely ir.creai* *L* frii*::*-il resist- 
ances. ITntfl this takes place, the val-e of »L* fri^t::i.-^>r^r>r-t 
seems to depend as much upon the sraoolhnesi of tLe rzzii&& ar.i ;Le 
nasnre of the foreign substances interposed as it d>=5 ~p:ii the Latere 
of the materials in contact. 

Rennvrt Erprriment*. — Ronnie* male a n'^cber of experinri.ts on 
the coefficient of friction between certain meials at n:«ieraie speeis. 

•PXH. Trans. &y. Soc, 1529, p. 143. 
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From the small ness of the coefficient of friction with light loads it 
would appear that he experimented with contaminated surfaces. 
The following table gives some of the results he obtained : — 

Table L— Coefficients of Friction between Metal Surfaces. 





Bras. 


8teeL 


Cast- Iron. 


Wrought- 
iron. 


Tin. 


lira*. . . . . , 175 

SUvU . . i 139 
Ou* iron, . . . ! *141 
Wrought -iron, . . ; *135 

Tin, . ..;... 


•139 
146 
151 

•181 


•141 
•151 
163 
•170 
•179 


135 

•189 
•170 
160 
•181 


•179 
•181 
•265 



llrass upon other metals gives the least frictional resistance, and tin 
upon othor metals the highest average resistance. Tin upon tin and 
brass upon brass both give high figures — they are evidently, even 
under small loads, shewing signs of incipient seizing, owing to the 
rupture of the interposed film at numerous points. These coefficients 
arts however, much greater than those given by certain antifriction 
alloys when working upon iron or steel. Prof. R. H. Smith, who has 
submitted the alloy known as 'magnolia metal' to a variety of tests, 
gives tho following figures, the bearing running dry : — 



Nominal j»rc**uw 
It*. per m|. in. 

WV5 
iH>ft 



Speed in feet 
per lulu. 

52*3 
65-7 
7S*4 



Coefficient of 
Friction M,. 

•0713 
•0663 
•0618 



Owing to tho low friction-coefficient of this metal, a bearing may 
ho run at considerable speed without serious injury resulting. The 
metal also answers well for bearings which have to carry heavy loads 
and run at moderate speeds, or which, owing to their positions, can 
only be supplied with water. 

Friction and SjhyiI. — In all cases the static coefficient is sensibly 
the samo as the low-speed kinetic coefficient with imperfectly lubri- 
cated metallic surfaces, such as might be used for bearings; but 
between oak and oak and other soft materials, the kinetic friction 
at tho speeds used in practice is considerably less than the static fric- 
tion. Jonkin and Ewing * found, however, that the change in the 
value of the friction-coefficient is not abrupt. In fact, it is highly 
probable that in the cases where the static coefficient differs from the 
kinetic, the latter gradually changes when the velocity becomes ex- 
tremely small, so as to pass without discontinuity into the former. 

From a number of experiments made by Prof. Kimball f it would 

* Proc. Roy. Soc. 9 1878, p. 509. 

t American Journal of Science, 1877, p. 853. 
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> that, *}ifr«qg ft» -&BTT s 310 ahnrpt tranfriiian between the 
; MZkd kroeik oofri5«aents, the frirtfcinn of motion if not always Jess 
tfee frirttaom of refit This is ncm particularly the case when tit* 
mne small or the surfaces are lubricated. 
With clean or nearly clean fttrrfanftR, and light loads, Prof. Emball 
found that the kinetic ooeffic5«mt of friction at very slow speeds -was 
fpoater than the static coefficient, but that -frith increasing speed the 
coefficient reached a maximum and then decreased. This he illus- 
trated by an experiment which measured the friction of a leather 
belt hung over a cast-iron poller. To one end of the belt a known 
a*wMBnrti was applied by means of a fixed weight : to the other end a 
spring dynamometer was attached. The tension of the ends of the 
belt being known, the coefficient of friction was easily found. In 
the following table the coefficients green are relative only : — 

Table IL — Relative Coefficients. 



Ibet per Minfe. Scfrtthv ft 

IS -83 

92 -S3 

G&> 1VH* 

1190 96 

19&0 -82 

2969 -69 

Prof. Kimball considers that the results he obtained reconcile the 
apparently conflicting statements of Morin, Bochin, Kirn, Coulomb, 
and others, for these investigators experimented under very different 
conditions of velocity, pressure, etc 

Morin experimented under conditions which gave him a coefficient 
approaching the maximum, and thus his results were approximately 
constant for all the speeds tried. Bochin experimented with railway 
trains; his conditions were high speeds, hard contact surfaces, and 
great intensity of pressure. These circumstances, under some condi- 
tions of lubrication, favour a coefficient decreasing as the velocity 
increases. Hirn, on the other hand, employed very light pressures, 
less than two pounds on the square inch, and kept his contact sur- 
faces so thoroughly lubricated that the friction was rather between oil 
and oil than between two metallic surfaces. These conditions, at 
ordinary speeds, favour a coefficient increasing as the velocity in- 
creases. 

Theory of Solid Friction. — Prof. Hele Shaw * has attempted to 
account for the laws of solid friction in the following manner. Sup- 
posing the surfaces to be smooth and worn to their normal condition, 
there are even then only a certain very limited number of points in 
contact, and further wear merely removes groups of particles, leaving 
other hollows, or, if no wear is taking place, merely displaces the pro- 

* Cantor Ledum on Friction, 1886, p. 13. 
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jecting particles. Any increase of pressure brings a larger number of 
particles into contact, and so increases, to a proportional extent, the 
friction, or amount of rubbing and consequent beat produced. Hence 
the friction varies with the pressure. For low velocities, the constant 
resistance simply depends on the number of particles in contact, and, 
as this at any point is the same, the friction is not altered ; when, 
however, the velocity is very high, it may be that the surfaces are 
slightly separated, and the friction is thereby reduced ; and it may 
also be that prominences on one surface periodically displaced, but 
not permanently removed, may not regain their position with suf- 
ficient rapidity to make contact with as many particles on the other 
surface as they otherwise would. 

Lain of Solid Friction. — The laws of solid friction as enunciated 
by Coulomb are approximately correct for moderate speeds and 
ordinary loads, but, as they are not applicable at all speeds and loads, 
the laws of friction between clean or slightly contaminated surfaces 
may be more correctly stated as follows : — 

1. The frictional resistance is approximately proportional to the 
load on the rubbing surfaces. 

2. The frictional resistance is slightly greater for large areas and 
small pressures than for small areas and great pressures. 

3. The frictional resistance, except at very low speeds, decreases 
as the velocity increases. 

The truth of the first law is easily demonstrated by a machine such 
as Morin's. 

With a slider of cast-iron on a slide of the same metal : — 

A weight of 56 lbs. requires 8 lbs. to draw it along. 
28 „ 4 

14 2 

For the coefficient of friction of cast-iron upon cast-iron we have, 
therefore, 

A 4 --?-.!!*- 
56 = 28 "14"" l **~K* 

Rennie obtained '163 for this coefficient. The value of /^ is, 
therefore, according to these figures, approximately independent of 
the area of the surfaces and the load, provided abrasion does not 
take place, but it varies with the condition of such surfaces. 

Effects of Speed. — For the effects of speed to be ascertained, either 
the metals in contact must be such that they will not seize as they 
become heated, or one or both of the contact surfaces must be con- 
tinually changing. Both these conditions are fulfilled by railway 
brakes. When the wheel is revolving and rubbing against the brake 
block the contamination of both surfaces is practically rubbed away, 
and the metals come into close contact. Dissimilar metals are, there- 
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fore, used — generally cast-iron blocks on steel or wrought-iron tires. 
The clean tire as it revolves is stationary with regard to the rails, and 
the coefficient there is practically the static. In the following table 
will be found the results obtained by Galton and Westinghouse * for 
cast-iron blocks upon steel tires. The coefficient decreases greatly as 
the speed increases, and also as the blocks become heated after pro- 
longed contact. 

Table III.— Friction of Brakes. 



Average Speed. 


Coefficient of Friction between 
Cast-iron Brake-blocks and Steel Tires. 


Miles per hour. 


1st 3 seconds. 


6 to 7 seconds. 


12 to 16 seconds. 





•408 calcd. 


•285 calcd. 


•237 caJrd. 


5 


•360 exptl. 




... 


10 


•320 „ 


•209 exptl. 


... 


20 


•205 „ 


175 „ 


•128 exptl. 


30 


•184 „ 


•111 „ 


•09S „ 


40 


•134 „ 


•KM) „ 


•0*0 „ 


50 


•100 „ 


•070 „ 


(m „ 


60 


•062 „ 


•054 „ 


•048 „ 



The next table gives the coefficients for steel tires upon steel rails. 
Table IV. — Friction of Wheel on Rail. 



Average Speed. 


Coefficient of Friction between Steel Wheel Tires and Steel Rails. 


Miles per hour. 


From commencement of Experiment to end of 3 Seconds. 





•141 calculated. 


10 


*1 10 experimental. 


15 


•067 


25 


•080 „ 


35 


•051 


45 


•047 


50 


•040 



Between the brake- block and tire the friction is high, for there is no 
-foreign substance on the surfaces. In the case of the wheel upon the 
rail the case is different ; here the tire is slipping over a more or less 
contaminated surface and the frictional resistance is smaller. The 
adhesion of wheels to rails yields a very variable coefficient of friction, 
rancring roughly from 0*3 to 0*1, according to the state of the weather. 
Taking the coefficient of the rolling friction of the wheel upon the 
* Engineering, London, Aug. 23, 1878. 
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rail to be 0*2 at all speeds, in ordinary weather at 25 mil"* per Lour 
we may make the weight upon the blocks equal to the weight of the 
vehicle, but at higher speeds, say 60 miles per hour, about two and 
a half times this pressure will, at the moment of application, barely 
skid the wheels. 

On the diagram (fig. 1) some of the figures obtained by Gallon and 
Westinghouse have been plotted with the corresponding theoretical 
static coefficients. The curves drawn through them are logarithmic 
curves, the rate at which the friction decreases being approximately 
proportional to the coefficient of friction at each Fpeed- In other 
words, the slope of the curve at any point is proportional to the length 
of the corresponding ordinate, and if the logs, of the ordinate* Lad 
been plotted the result would have been straight line*. 

This decrease of the friction with increasing speed occur* both with 
the friction between the wheel and rail and with that between the 
brake-block and tire. In the former instance, the contort surface of 
the tire is constantly passing over fresh rail, which maintains unaltered 
the nature of the contamination and keeps the temperature from un- 
duly rising ; but between the tire and the brake-block there it no such 
constant supply of foreign material, and the contact surfaces conse- 
quently abrade each other and heat very rapidly. This heat in? would 
seem in a great measure to be the cause of the decrease of the friction 
when the surfaces have been in contact several second*. 

Boiling Friction. — When a rolier passe* over an ela*t;c surface 
the contact is not line contact ; both the roller and the r;rface upon 
which it rests are, according to Osborne Reynolds,* defvriLed by the 
pressure. 

In fig. 2 an iron roller is represented moving orer a ririwt of 
rubber. The rubber is distorted by 
the weight of the roller, and slides 
or rubs against it at point* near C 
and D. For some distance on each 

side of the centre, P, there is no 

slipping, and this area of no slip 

increases with the friction between Fie. 2. 

the surface*. When both the rolier 

and the surface upon which it rest* are distorted the condition? are 

similar. 

It I* conceivable that tLe u-*e of an undent for V-" cr roller 
bearings may so increase the area over which tlippfr.? take? place 
that the resistance to rolling may be actually ix.cre*-<d. T:.e :v> 
ricaat, however, in some mearzre. prerents the wear of ;he K^rfaoe=. 
In the case of rubber tires, rolling ot*t rough, unerer. gro-i.^. fc ~'h 
slipping is no* large, and tie resistance V> rolling is o:-rre«poi.diLg.y 




Tie laws of tjY^lz fricti:^ -mli lys&x V. b* Mer-tio: 
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of Cilizz frlc^ _c w-l:h the pr&rUo that the resistance varies inversely as 
the t*1Lzs ox the ro'.IIr.g body. The lav may be expressed as follows :— 

E=fhy .... (2) 

where u- = tle coefrclen; of friction. W = the load on the roller, r= 
the radius of the rolling body, and E = the f rictional resistance. 

The rale of slipping at the contact surfaces is so slow that the 
coefficient of friction, although i; probably decreases as the speed 
iiiere^es, do*s so very slowly. 

Cause of Heating. — The energy which is expended in overcoming 
the frictional resistance of two rubbing surfaces and in keeping them 
in motion is convened into heat, and raises the temperature of the 
masses in contact above that of surrounding objects. When the 
amount of friction is small the rise of temperature is also small, but 
should the frictions! resistance become large from any cause, the 
heating of the materials in contact may become so great that the 
opposing surfaces either become brittle, melt, or even weld together. 
It is clear that some relationship exists between the work done and 
the heat produced. Hie significance of this relationship was first 
grasped by our countryman, James Prescott Joule, who experimentally 
demonstrated that a given amount of work, however expended, always 
produces a fixed quantity of heat. In such cases as the lifting of 
a weight or the bending of a spring, energy is rendered potential, 
but this stored energy can likewise produce its proper equivalent of 
heat. 

Before the relationship Ivtween work, energy, and heat can be 
formulated accurately, we must be able to measure both work and heat 
in some exact manner. The unit of heat used in this country is the 
quantity which will raise one pound of water, at its maximum density, 
one degree F. in temperature. When the C.G.S. or metric system is 
used it is the quantity of heat which will raise one gramme of water 
from 4° C. to 5° C. Work, on the other hand, is measured by the pro- 
duct of the average resistance and displacement. Thus, in the case of 
a sliding surface, if the force required to maintain the surfaces in 
relative motion be one pound, and the distance travelled be 779* feet in 
each second of time, then the work done each second is 779 foot-pounds. 
This amount of work has been proved to be just sufficient to raise one 
pound of water, when at its maximum density, one degree in 
temperature. 779 foot-pounds is called the mechanical equivalent of 
heat, and the constancy of its value under all conditions has 
established on a firm basis the law of the conservation of energy. To 
the engineer this is one of the most important generalizations ever 
arrived at, as it affords a ready means of answering many problems 
which would otherwise be difficult to solve. 

* Scisnce Progress, voL i. p. 127. 
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Making W = the total pressure in lbs. on the rubbing surface : — 

f4 = coefficient of friction. 

v = speed of rubbing surface in feet per minute. 
Then the f rictional resistance = W/^. 
The foot-pounds of work done per min. = W/AjP. 

«r r 

And the thermal units generated per min. = -~\ . 

We thus see that the heat liberated by any bearing surface is 
proportional to the friction. In some mechanical oil-testing machine* 
the rise of temperature which occurs is measured and is taken a* 
an indication of the resistance to motion the surfaces offer. The 
actual rise of temperature depends, of course, not only upon the 
rate at which heat is liberated, but also upon the conductivity of 
the heated surfaces. The frictional resistance cannot, therefore, be 
proportional to the rise of temperature. 



CHAPTER II. 

LIQUID FRICTION, OR VISCOSITY, AND PLASTIC FRICTION. 

Introductory. — Before mineral oils were introduced as lubricants, 
engineers had little reason to study the theory of viscosity or to 
specify the particular fluidity of the oils they wished* to make use 
of, for the number of animal and vegetable oils available for lubri- 
cation is limited, and the degree of viscosity they exhibit does not 
vary much in different samples, a little experience being usually 
sufficient to determine the most suitable description of oil for the 
purpose in view. But since the introduction of mineral lubricating 
oils, which can bo prepared of any desired viscosity, the measurement 
of this property and the study of its influence upon lubrication have 
assumed great practical importance. 

In this chapter we purpose discussing the nature of viscosity and 
viscous flow, including the theory of the viscometer. The bearing of 
viscosity on lubrication will be discussed in Chapter IV. on "The 
Theory of Lubrication " ; and practical viscometry, or the method of 
measuring the viscosity of lubricating oils, will be reserved for 
Chapter VI. on " Physical Methods of Testing Lubricants." 

Nature of Viscosity. — All liquids exhibit viscosity, although in 
varying degree. Thus, if a vessel of water be tilted and then 
quickly brought back to its original position, so as to set the water 
in oscillatory motion, it will be found that with each swing the 
amplitude of the oscillation becomes smaller, and that in a very 
short time the movement dies away or becomes imperceptible, and 
the surface of the liquid comes to rest in an exactly horizontal 
position. 

If a similar experiment be made with sperm oil, a much greater 
resistance to movement will be observed; the oscillations produced 
will not only be much slower, but will also be fewer in number. 
Very viscous oils, such as castor, and viscid liquids like glycerine 
and treacle, will not even oscillate ; such liquids merely flow steadily 
until their free surfaces are again horizontal. In all cases the move- 
ment ceases sooner or later, and it is the internal friction or viscosity 
of the liquid which arrests the motion. 
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Cohesion and Viscosity,— Some write: 1 a relation- 

hip between viscosity and cohesion, but D has yet b 

ierations such as the following will shew that 

DO necessary relation between tbem. 

A sphere of soft iron may be slowly rotated around the pole of a 

powerful magnet with very little difficulty, although considerable 

force is required to draw the ball and magnet, apart, Similarly, the 

ules of water move about each other with great freedom, and 

1 has a very low viscosity in cousequeuce; yet, according to 

ilculations of Young and Dupro", the l to tear the 

molecules apart is equal to a pressure of about 25,0 rafi. 

Viscous Flow and Lubrication.— As the f an oil for 

ubricating purposes depends very largely upon its viscosity, the laws 
of viscous flow will be considered at some length. We will endeavour 
to state the mathematics of the subject in as simple a manner as 
possibly illustrating by means of diagrams thoao. conditions of flow 
a fairly complete explanation of which ta necessary in order to obtain 
a proper understanding of the part viscosity plays in lubrication. 

The conditions of motion of a fluid lilni inclosed between two 
relatively moving surfaces differ somewhat from the flow of tlita 
same liquid through a capillary tube. In the one instance we have 
the conditions obtaining between lubricated surfaces, and in the 
other the conditions of flow under which viscosity is most readily 
and accurately measured. 

Viscous Flow between Parallel Horizontal Planes having 
Differential Tangential Motion. — When a fluid lubricant is 
interposed between two solid surfaces, one of which is in tangential 
motion and the other at rest, 

B A 

3* 




Flo. 






that portion of the fluid which 
is in contact with and adherent 
to the moving surface is eon- 
d to move with it, 
that portion winch is 
adherent to the surface which 
is at rest remains motionless. 
Between the two surfaces the 
may be regarded as con- 
sisting of a series of super- 

i layers, each moving at a Bpeed proportional to its distance 
i the solid fixed surface. This, the simplest form of viscous 
flow, is illustrated in fig. 3. 

A stratum of a viscous medium is inclosed between two parallel 
planes, XX and YY, the upper of which is supposed to be moving 
with uniform velocity in the direction of the arrow, whilst the lower 
remains fixed. The motion of the fluid must hv considered as having 
reached a steady state, the force producing the motion being supposed 
to act solely along the plane XX in the direction of the arrow. 

The liquid medium may be regarded as made up of a series ol 

8 
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infinitely thin superposed planes (a coarse illustration being a pack of 
cards), the topmost and lowest of which are held by cohesion in 
immediate contact with the solid surfaces. The topmost plane of 
liquid is, therefore, carried along by the moving surface XX, and the 
lowest plane is held stationary hy the fixed surface YY. The inter- 
mediate planes of the liquid derive their motion solely from that of 
the plane XX. the force acting upon which is propagated downwards 
from stratum to stratum hy the internal friction or viscosity of the 
fluid. As the frictional* resistance is absolutely uniform throughout 
the fluid, each liquid plane must move over the one immediately 
below it exactly the same distance in the same time ; and, therefore, 
any row of points in contiguous planes, forming at one moment the 
vortical straight line CjBj, will have moved, after a certain interval, 
into positions on the inclined straight line Afi v If the length of 
the line A^ be taken to represent the velocity with which the 
upper plane is moving, then the length of the line PN will represent 
the velocity of the thud at any point in the plane passing through K. 
In such a case, which is virtually that presented by a properly lubri- 
cated hearing, there is no friction between the two solid surfaces, for 
they do not touch, and yet force, continuously applied, is required to 
keep the surfaces in relative motion. The frictional resistance, as 
already pointed out, is wholly due to the sliding of the liquid layers, 
one over the other, i.e., to the resistance offered by the liquid to 
shear. It has been necessary to deal with this subject in some detail, 
for the action of a lubricant is sometimes stated to result from the 
rolling of the molecules of the lubricant over each other, and over the 
solid surfaces between which they pass. Such a view, however, 
cannot be justified by an appeal to experiment. 

The force required to maintain continuous relative motion between 
opixwiiig plane surfaces, such motion being of the nature of a shearing 
strew, is measured by the stress per unit area of either of the planes. Thus 
we may write 

F=/A 0) 

where F is the total force, / the force per unit area, and A the area of the 
planes over which the stress acts. 

Since no stress other than those transmitted by shear act on the mass of 
liquid afo-o, anv section through it parallel to the two bounding planes « 
exposed to the* same stress per unit of area as is the liquid m contact with 
the planes. If A^, becomes the position after the lapse of one second of a 
rionnal line of section, such as bA. then the inclination of the me AJU 
will be the same throughout its length, and it must be a straight line, jy*> 
the length B, A, represents the velocity of the upper plane, and the length 
KP the velocity at a distance B,K from XX. 

Hence, since ££-§£ « ™ v write J"?; where v " the Vd0City 
at a distance x froniVy/an'd v v and r are their values at the surface XX. 
The stress / is, therefore, proportional to J which we may call the rate 
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>f distortion, and we may make 

t-i < 2 > 

w^nere n is a constant which varies with the temperature for any liquid, and 
us known as the coefficient of viscosity of that liquid. 
Further, • 

F=/A=/o5 . . (3); =^A . . (4) ; =„!iA . . (5) 

x r 

••• *=§ • • (6); -^-S • • (7) 

Also the rate of distortion =?l = iL (8) 

r uA 

If v v A, and r& are each made unity, then i?=F, and the viacositv i? is 
measured by the tangential force per unit area of either of two horizontal 
planes at the unit of distance apart, one of which is fixed, while the other 
moves with unit velocity, the space between the planes being filled with 
the viscous substance. 

By the establishment of the above simple working definitions we are able 
to form equations applicable in all problems involving viscous flow. 

Both in the measurement of the viscosity of various liquids, and in the 
problems which have to be solved in the theory of lubrication, it is necessary 
that we should be able to find the volume of the liquid displaced under 
varying conditions. Although this can be simply accomplished by methods 
involving the calculus, it is hetter for the clearer understanding of lubri- 
cation problems to attack the matter geometrically. 

The volume V swept through by any cross section B 1 B Cfi in moving 

to the position A^ C 1 C=?fe (9) 

and this is a measure of the volume of liquid displaced. 
Substituting for v x its value from equation (7) 

v =S < io > 

V-6J ..... (11) 

Viscous Flow under the Action of Gravity between Fixed Planes. 
■ — We have hitherto considered only the conditions of flow which 
result from a stress applied solely at a liquid surface parallel to the 
direction of flow, the viscosity of the fluid setting in motion the whole 
mass in such a way that the rate of shear is everywhere the same. 
But when the liquid flows between two fixed plane surfaces, parallel 
to each other, and the force setting the fluid in motion acts either 
upon each particle of the liquid, or equally over the whole of a section 
normal to the direction of flow, the velocity at different points in the 

liquid is not proportional to the distance from the solid surface, — 
ceases to equal -^-, and the rate of shear is not the same at all points. 



and for F its value from (3) 
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tot BD is the subnormal of the curve C^EJC^ which en eaarr he i 

ie a parabola, and therefore the volume of fluid jawed <aa eadi ■% *:£ 



, in unit time, is half the volume of a parabolic 
row, since the curve is a parabola BjE^ JBjA„ 

5£l=& (equation 12) BA=?£ 



CAC,<* 



(l*i 





Xow.the volume enclosed by the parabolic curve C,Ei=| area of the baas 
k the perpendicular height. 
Therefore the volume passed in unit of time on each side of the plane 

rT=|xr^xg (15) 



und the volume passed in any given time (t) will be 

3va 



(16) 



(17) 
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Viscous Flow through Capillary Tubes. — As will be teen when 
the theory of lubrication comes to be discussed the conditions of 
viscous flow obtaining between plane surfaces are all important. Still 
such conditions are not those under which the coefficient of viscosity 
17 is most accurately and easily measured. The most concordant 
values have been obtained by measuring the rate of flow through 
capillary tubes in which, as between plane surfaces where the flow 
results from the pressure of a given head of liquid, the rate of shear » 
greatest at the bounding surface. 

Fig. 6 shews diagrammaticallv the conditions of flow obtaining in a capillary 
tube, at a point some distance from the end at which the liquid enters, the 
flow having reached a state of equilibrium ; for at the inlet end the effects 
of inertia manifest themselves. 

In a portion of tube of length a, the whole pressure on the cross section 
C,C, tends to shear the liquia at the bounding surface, and the area over 
which this pressure acts is equal to 2*r a. Now, the area of the cross section 
of the tube=irr 2 . Therefore, the total pressure over the cross section 

*=!>**(?* Mid from (8) the rate of shear at the boundary^— *-= — - — 

ff X j&wTq X Ct 

which resolves itself into *~ (18) 

In the case of a small cylinder of liquid concentric with the tube and of 
radius r, the rate of shear at its boundary =^- (19) 

Therefore, the rate of shear is directly proportional to the distance from 
the centre line of the tube, and the curve indicating the rate of distortion is, 
as in the case of the parallel planes, a parabola ; and the volume passed in 
unit of time is the volume of a paraboloid of revolution, having a base of 
radius r and a height =B.E! = JBjA,^ (fig. 5). 

From equation (12) we have 

BA 2„a {W) 

Therefore BiA.^ ' (21) 

2i)<z 

and BA-iBtAt-Q^ . . . . (22) 

Now the volume of a paraboloid of revolution = J the area of the basex 
the perpendicular height. Therefore, the volume passed in unit time 

-*Wxg (») 

01 . §•=£ (24) 

And the volume V passed in any given time=^ .CJLr . . . (25) 

8 tin , 

We may find an expression for the viscosity of the liquid from the above, 
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by substituting for p its equivalent in terms of the head and density of 
liquid, and the force of gravity, i.e., 

•-=?}£ <*«> 

Poiseuille was the first to demonstrate experimentally that the volume of 
liquid passed by a capillary tube is directly proportional to the pressure 
urging it along, and to the fourth power of the radius of the tube, and in- 
versely as its length. On this account the above is known as PoiseuilWs 
formula, and may be used, after making a small correction for A, for the 
purpose of calculating absolute viscosities. 

Physical and Mechanical Viscosity. — As Osborne Reynolds has 
pointed out,* it by no means follows that for each particular liquid 
a fixed value of tf need necessarily exist, such that / calculated by 
equation (2) agrees with the values of/ determined by experiment for 
all values of v and r . As a matter of fact experiment shews that 
liquids have apparently two viscosities; for, as is well known to 
engineers, in large pipes the resistance to flow varies as the square of 
the velocity, and not directly as the velocity. When such is the case 
rj is not constant in value. 

Carefully conducted experiments by Coulomb, Poiseuille, and 
others, on the rate of flow through long capillary tubes, have proved 
conclusively that the resistance under certain conditions is pro- 
portional to the velocity, and that rj has then a constant value. 
Poiseuille'8 experiments also proved that the volume passed varies as 
the fourth power of the radius of the tube. Such being the case we 
may safely regard the flow of liquids through tubes of very small bore 
as being controlled by the physical viscosity of the liquid, and use 
equation 26 as a means of calculating the value of rj when the other 
values have been determined experimentally. But the fact must not 
be lost sight of, that to obtain a correct result, the size of the tube, 
the intensity of the pressure producing the flow, and the viscosity of 
the liquid must bear certain relations to each other. The reasons for 
this have been successfully worked out by Prof. Osborne Reynolds, 
who demonstrated that the two viscosities, physical and mechanical, 
result from a change in the character of the flow from that of direct 
parallel to that of sinuous or eddying motion. 

To shew this change in the nature of the flow when the velocity 
reaches a certain value, a long, bell-mouthed glass tube was immersed 
horizontally in a tank of water. One end of the tube passed through 
the side of the tank and was bent vertically downwards for several 
feet, being terminated by a stop-cock. By partially opening or closing 
this cock the water could be made to flow through the tube at any 
desired speed. Terminating opposite the bell-mouthed tube, and 
immersed in the water, was fixed a much smaller tube through which 
a highly coloured stream of water was discharged. When the speed 
of flow was small, the coloured stream passed through the whole 

* "Theory of Lubrication, w PA tf. Trans. Hoy. Soc. t 1S86, p. 105. 
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length of the bell-mouthed tube as m perfectly straight line (fig. 7). 
When, however, by opening the cock, the speed reached a certain 
value, the band of colour suddenly broke np and discoloured the 



Fig. 7. Fig. 8. 

whole of the liquid. By the intermittent light of an electric spark, 
the mass of colour resolved itself into a series of more or less distinct 
curls shewing eddies, as in fig. 8. 

A series of experiments made it clear that so long as the flow 
remained direct and steady, the resistance varied directly as the 
velocity, but as soon as the critical speed was reached the resistance 
became proportional to the square of the speed, or thereabouts, and 
sinuous motion was set up. The critical speed was found to vary 
directly as the viscosity and inversely as the diameter of the tube and 
the density of the liquid. 

Although it is an experimentally ascertained fact that there is a 
certain critical speed for each size of tube and each liquid below which 
the resistance varies directly as the velocity, and above which the 
resistance is proportional to the square of the velocity, the reason for 
the change in the nature of the flow has yet to be satisfactorily 
explained. 

We have thus two essentially distinct viscosities: the one a 
mechanical viscosity, arising from the irregular motion of the fluid, 
and the other a true physical property of the fluid depending in some 
way upon its structural peculiarities. Although the value of the 
physical viscosity determines in some measure which of the viscosities 
shall control the How of the fluid, when the flow is once in accordance 
with the mechanical viscosity the physical viscosity does not in any 
direct way shew itself. Thus, when in a particular tube the velocity 
of oil or treacle is sutlicient for the resistance to vary as the square of 
the velocity (/.».\, for the liquid to flow with sinuous motion) the 
resistance is practically the sunie as it would be with water at the 
same velocity, although the physical viscosity of water may be more 
than a hundred times less than that of the oil.* 

The critical velocity is rarely if ever reached by lubricating films, 
and when the lubrication is ]>erfect, the resistance to relative motion 
is due to the physical viscosity of the lubricant. 

The possibility of slipping at the boundaries, or of internal disrup- 
tion, niust not be lost sight of. JSo far, no indication of this has been 
|>erceived, either in water or liquid lubricants, even when the tangen- 
tial stresses to which they have been subjected in narrow channels have 
been as high as 0702 lb. per square inch. 

Determinations of viscosity made by measuring the resistance 

# Osborne Reynolds, Phil. Trans. Hoy. Soc., p. 153, 18V5. 
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offered to the motion of discs or cylinders immersed in liquids are, for 
the most pert, unsatisfactory. In such cases turbulent motion is 
locally, if not generally, set up, and the results are misleading. For 
this reason such methods of measuring, or attempting to measure, the 
viscosity need not be referred to, as they are not of any practical value, 
except for exceedingly viscous liquids. 

Effects of Temperature and Pressure. — With rise of temperature 
the viscosity of liquids decreases — sometimes very rapidly. In this 
respect liquid lubricants differ greatly from each other. Oils of 
animal and vegetable origin retain their viscosities better than those 
of mineral origin, but they all become very mobile with rise of tem- 
perature, and lose, in a great measure, their lubricating value. Not 
only is it necessary, therefore, to keep a liquid whilst testing it at a 
very uniform temperature, but the effect of varying temperature must 
be carefully noticed. 

. Viscosity varies also with pressure, water having its viscosity 
decreased by this means. On the other hand, concentrated solutions 
of common salt have their viscosities increased by pressure, as has 
also oil of turpentine. No experiments, however, seem to have been 
made to ascertain the changes of viscosity which lubricating oils 
undergo when under great and varying pressures. Such information 
would be valuable, since lubricating films are frequently subjected to 
very considerable loads. 

C o nditions determining Steady Flow. — The formula obtained 
for the flow of liquids through capillary tubes only hold good, as we 
have seen, so long as the flow is direct and not sinuous. When high 
pressures and comparatively short tubes of large bore are employed, 
the liquid, if not very viscous, ceases to flow steadily in paths parallel 
with the bounding walls; the motion becomes sinuous, and the re- 
sistance offered to the flow of the liquid ceases to be directly pro- 
portional to the velocity. The length and diameter of the capillary 
tube, and the pressure with which a liquid (of given viscosity and 
density) is forced through it, must therefore be properly proportioned 
to each other, or the physical viscosity cannot be even approximately 
determined. 

Osborne Reynolds * has found that for the flow to be steady the product of 
the mean velocity v, the radius of the tube r^ and the density of the liquid p, 
divided by the viscosity 9, must — in the case of a round tube — be less than 
a certain constant c. 

^<700 (27) 

This constant (700) is the same whatever system of weights and measures 
is adopted, for the divisor and dividend each involve the same powers of 
length, mass, and time. 

When the value of c is less than 700, the volume of liquid passed is, as 

already demonstrated, ^ . ~^-°— 
8 ija 

. * Phil. Trans. Roy. Soc. t 1895,. p. 149. 
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and the mean speed of flow f=X B I • ^^ 

=^0* (28) 

8ija 

Substituting in equation (27) the value of $ in equation (28) we have 

^<700 (29) 

and *££<60OO^ (30) 

Unless the proportions of the viscometer, and the physical properties of 
the liquids used in it, be in accordance with the requirements of this 
equation, the flow will be unsteady, and the true viscosity cannot be cal- 
culated. When absolute viscosities are desired, the viscometer should be 
designed so as to make the value of e as small as possible. 

Hut Hiimoiui motion, even when e is very much greater than 700, does not 
set in, as will be seen from fig. 8, immediately the fluid enters the pine. 
With tulies having trumpet-sha]>ed orifices the disturbances appear ana toe 
flow becomes sinuous at about thirty diameters from the end ; Dut when the 
end is flat the disturbances approach the inlet end more closely. The flow of 
liquids in very short tubes is, therefore, free from eddies, even though the 
viscosity of the liquid, the diameter of the tube, and the rate of flow may be 
such as to make c greater than 700. In such cases, although the flow is 
steady throughout the tube for some distance from the inlet, the velocities are 
not such that the rate of distortion is proportional to the distance from the 
centre. Such short tulies may, therefore, be used to obtain comparative, but 
not alwolutc viscosities, even with very mobile liquids. The conditions 
which determine whether the flow sliall be steady or unsteady are often 
very complex, for the stream lines may be parallel, as in pipes or between 
parallel surface* ; convergent, as in a conical mouthpiece ; or, when the motion 
is reversed, divergent. 

The circumstances which conduce to a direct steady motion are — 
(a) high viscosity or fluid friction ; (b) a free surface, as in a fountain 
jet; (r) solid converging boundaries; and (d) curvature with the 
velocity greatest outside.* 

The circumstances which conduce to sinuous motion are — (a) 
particular variation of velocity across a stream, as when a stream 
flows through still water ; (b) solid bounding walls ; (c) solid diverg- 
ing boundaries ; and (</) curvature with the velocity greatest inside, 

Energy of Flow through Capillary Tubes. — When the coefficient 
of viscosity is calculated from Poiseuille's formula (26), it is assumed 
that the character of the motion is the same at all sections of the 
tul>e, and that all the energy supplied to the liquid is converted into 
heat within the tube. But the coefficient so obtained is only ap- 
proximately correct, for not only is there some resistance to the flow 
of the liquid outside the tube, but the steady condition of flow within 
the tube is not reached until the liquid has travelled some distance 
from the orifice. The liquid, when it approaches the critical speed, 
often po68eese8 considerable velocity, and an appreciable amount of 

* Proc Royal Institution, 28th March 1884. 
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<*rgy then exists as kinetic energy in the issuing fluid. As this energy 
suits from the pressure dne to the head of liquid, a deduction on this 

iunt should he made if accuracy is aimed at 
We have, consequently, four sources of error to consider, and if 
possible allow for — (a) external viscous resistance in the liquid at the 
ends of the tube ; (h) abnormal conditions of flow at inlet end of 
tube ; (c) surface tension effects at discharge orifice ; and (d) energy 
of flow at point of discharge. No corrections have yet been devised 
for a and b. They are small and become practically negligible when 
the tube is long ; hut when the tubes, compared with their diameters, 
are so short that sinuous motion is not set up, even when the value of 
much greater than 700, the necessary correction often becomes 00 
large that the true viscosity cannot be calculated even approximately. 
Neither can an allowance for d be made, for a state of equilibrium 
is not reached even at the end of the tube, and the energy of flow 
cannot be found. 

The third source of error (A however, is of some importance, and is 
sometimes met by so designing the viscometer that the discharge end 
of the capillary tube is always immersed in the liquid, An allowance 
hit head is difficult to make when the liquid flows directly into 
the air from the orifice, for its value depends upon the curvature of the 
liquid surface as well as upon the actual tension of the sur 
upon the dimensions of the drops, or upon the form of the liquid 
stream and the surface tension of the liquid. 

The torn important, and can be accurately estimated when 

the tube is long and a steady condition of flow is set up, for there is 
no reason to suppose that any change takes place in the distribution 
of energy as the discharge orifice is approa* I 

Correction for Energy of Flow. — That a correction for the energy of flow 
is necessary was pointed out by Hagenbach,* and his method "1 measuring 
it has been very generally followed. Lately, however, Wilberforcet has 
demonstrated that the correction suggested by Hagenbach is too small, and 
that the true correction is furnished] by deducting from the mean h 

a quantity = —, where v is the mean velocity of flow through the tube, A 

geometrical method of demonstrating this is D fig. 6, in which the 

ordinate* of the parabolic curve CjE, give the velocities of flow at any dis- 
tance from the centre line. If they are regarded as representing the succes- 
sive values of — , where v x is the maximum velocity, then B^ is equal to 

unity on this 00 

Tlie curve CE V is plotted on the same scale to represent the corresponding 

values of l—\ ; and finally the ordinate* of the curve B 4 AC are made pro- 
portional to ( — J 2*r. The ordinatcs of BjD are equal on the same scale to 




• Fogy, Aim., rix., 1860. 



t Phil. Mag. t May 1891, 
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Xow, if we consider a thin cylinder of liquid of radios r, length c, and 

thickness t, its energy ia 

2»rdTtr 



and is* therefore, proportional to the area of the part of the enrre B|AC 
included between the corresponding ordinate* 

Hence the total area of the curve B^C ia proportional to the energy of 
flow, and in the aame way it can be shewn that B^D would be pro- 
portional to the energr of flow if the velocity were constant across the 
section. If the areas B^AC, B 1 DC 1 be now measured up with a planimeta, 
r^AC will be found to be equal to just twice BJX^. Hence, the true 
energy or flow is equal to twice that obtained on the assumption that the 
velocity ia uniform all over the section. 

Ia this latter case the correction would evidently be - 5- . Hence, the 

true correction is — T » shown bv Wilberforce and others. 
J 
WIwq all the values required for calculating the viscosity by PoiseuuVi 
formula (iH) ^re known, the deduction necessary in the value of a is easily 
obtained, for 

«-£? w 

Sul^ituting this value f or 9 we obtain 

— **- ... . (32) 

a* an expression for the required correction, 

Viscometer Proportions. — In order to obtain the value of 19 with accuracy 
it 1* newts* ry :l«c the correction for energy shall be small — say one or two 
per cvtit. A formula tor calculating this percentage is obtained as follows : 

r* 
The energy correct ion being equal to - 

•n , 100r» ? 

Ay 

Substituting for r* the value from (iS) 

G4,VA : ; ~ t>4,*ti* - lao %iai -** 

Inlet End Resistance. — This disturbing factor has not yet received any- 
thing like complete experimental treatment 

Fig. 9 shews the inlet end of a capillary tube into which a liquid is 
flowing. The speed of How everywhere decreases as we leave the centre line, 
and increases as the orifice is approached. The liquid is consequently under- 
going shear both inside the tube, and outside near its ends, ana the resulting 
resistance must be added to that in the tube if we are to obtain the true 
viscosity. This resistance, and that due to the abnormal conditions of flow 
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* just inside the tube, we may allow for by somewhat increasing the length of 
. a. Some experiments, the results of which we shall give when we come to 
deal with practical viscometry, and which were made for 
the purpose of calibrating viscometers having short capillary 
tabes, anew that when the rate of flow is so slow that the 
energy correction is negligible, the viscosity, calculated by 
Poiseuille's formula, is somewhat greater than experiment 
with very long tubes proves it to be. The value we obtain 
for water at 20° C, using a viscometer with a long and 
narrow bore, is about 2 per cent, greater than that obtained by 
Thorpe and Rodger * 

Plastic Friction. — Plastic substances, such as tallow, Fig. 9. 
lard, moist china-clay, etc., differ from viscous fluids 
inasmuch as they require that the shearing stress shall reach a certain 
value before continuous shear takes place. They can, therefore, 
permanently retain their shapes when the stresses are unequal in 
different directions; i.e., they can transmit stresses without under- 
going continuous shear. Sometimes the plastic yield point is very 
low, and the substance behaves much as does a viscous liquid. A 
layer of lard, for example, placed between two smooth surfaces, 
which are prevented thereby from touching, requires the exercise 
of a definite stress to cause tangential motion; but when once 
relative motion is set up by the action of a sufficiently powerful 
force, the resistance increases with each increase in the rate of 
shear. In the case of plastic friction, therefore, we have something 
corresponding to the static friction of solid surfaces in contact ; but 
whether the plastic yield-point varies with the pressure normal to the 
direction of flow (shear), or whether the resistance is proportional to 
the rate of shear is uncertain. 

The distinction between plastic or soft solids and viscous ones was 
clearly recognized by MaxwelLf He says, " when continuous altera- 
tion of form is only produced by stresses exceeding a certain value, 
the substance is called a soft solid, however soft it may be." " Thus, 
a tallow candle is much softer than a stick of sealing-wax ; but if the 
candle and the stick of sealing-wax are laid horizontally between two 
supports in summer, the sealing-wax will, in a few weeks, bend 
with its own weight, while the candle remains straight. The 
candle is, therefore, a soft solid, and the sealing-wax a very viscous 
fluid.* 

It is evident that the same substance, for instance, lard or tallow, 
may act when in use either as a plastic lubricant or a viscous one, for 
at moderately high temperatures these substances melt, and may become 
viscous lubricants, i.e., true oils. 

At first sight it would seem that the resistance to shear offered by 
a plastic substance would be so great that it would be altogether 
unsuitable for lubricating purposes. But such is by no means the 

* Phil. Trans. Boy. Soe. 

t Theory of Heat, p. 303, 1894 (1894 Edition). 
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case ; indeed, at very low speeds the resistance to motion of a film of 
plastic grease is often smaller than that of an oil film, for the grease 
film is much thicker, and the rate of distortion is less. 

When two surfaces are forced together, between which there is a 
plastic substance, the pressure or stress is transmitted from point to 
point, shear takes place, and the intervening lubricant is expelled. A 
viscous liquid under such conditions is expelled until the bearing 
surfaces come into contact, or the surface forces prevent further escape; 
such, however, is not the case if the intervening lubricant be plastic, 
for the nearer the surfaces approach the less the shearing stresses 
become, and long before the surfaces can touch they reach the plastic 
yield point, and further flow ceases. 

In fig. 10 are shewn the experimentally ascertained corves of shear 
for plastic clay. Here the surfaces AB and CD are approaching 





Fio. 10. 

without tangential motion. The curves shewing the conditions of 
distortion will be seen to differ remarkably from those of a viscous 
fluid, which take the form of parabolas (fig. 28). 

Unfortunately there is very little experimental data to guide us 
here, except such as is furnished by the actual working of vehicles 
lubricated by greases. This aspect of the question can be more satis- 
factorily dealt with when we come to deal with the theory of lubrica- 
tion, for, as we have pointed out, the actual resistance to motion offered 
by oil and grease films depends upon their thickness, area, and the 
temperature produced by the friction, as well as upon the absolute 
viscosity or plasticity. 

Many of the greases used for lubricating purposes are mixtures of 
soft solids and viscous oils or soaps. On standing, the oils sometimes 
separate out from the solids as minute globules, suspended in a solid 
matrix. When kneaded, however, the oil is spread out and forms 
continuous films, which much reduce the resistance to shear. 



CHAPTER III. 

SUPERFICIAL TENSION. 

Lubrication and Superficial Tension. — Lubricating Films. — 
Although Prof. Osborne Reynolds* has proved that the results 
obtained by Mr. Beauchamp Tower t with lubricated journals were 
due to the viscous nature of the liquids employed, it has been clearly 
recognised by engineers that when the supply of oil is insufficient, 
the rate of friction very slow, or the load excessive, lubrication 
depends upon other less generally understood and somewhat obscure 
properties. As a matter of fact a liquid may have the required 
viscosity and yet not be a lubricant. J. Veitch Wilson states that 
body or viscosity is not the only property by which the antifrictional 
value of an oil is determined. The differentiating principle must, 
he urges, be attributed to some other property. Thurston states that 
a liquid, to act as a lubricant, must possess " enough ' body ' or com- 
lined capillarity and viscosity to keep the surfaces between which 
it is interposed from coming in contact. . . ." Although he does 
not substantiate this statement in detail, there is every reason for 
regarding it as true, if not taken too literally. 

To be lubricants, liquids and soft solids should feel oily or greasy. 
As capillarity, oiliness, greasiness, wetting, emulsification, etc., are 
either wholly or in part phenomena resulting from superficial tension, 
this property will be dealt with at some length, so far as it seems to 
throw light upon lubrication problems ; for the phenomena resulting 
from superficial tension are among the most interesting and important 
that can engage the attention of either the chemist or the engineer, 
and they manifest themselves in a great variety of ways. Unfortu- 
nately, the values of many of the physical constants, a knowledge of 
which is required — such as the thickness of various liquid films when 
spread over or between solid surfaces — have not in many cases been 
measured. 

Soap (Bubble) Films. — If the looped end of a piece of wire be dipped 
into a solution of soap and water, on its removal there will be seen 

* Phil. Trans. Roy. 8oc. t 1886, p. 157. 
t Froc. Inst. Aleck. Eng., 1884. 
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stretched across the loop, a thin diaphragm of liquid. Such a film 
possesses considerable elasticity and strength, as may be proved by 
placing upon it a small moistened wire ring, which it supports without 
breaking. In other words, the film resembles a sheet of indiarubber, 
some force being required to stretch or distort it. Prof. Vernon Boys* 
has described a number of very beautiful experiments, illustrating the 
tension properties of such liquid films. He used for this purpose t 
mixture of 1 part, by weight, of sodium oleate dissolved in 40 parts of 
distilled water. When solution was complete, one-third of its volume 
of glycerine was added to the liquid and the whole was allowed to 
settle. The liquid was then siphoned off from the impurities which 
had risen to the surface and was clarified by the addition of a few 
drops of ammonia. Films made of this mixture last a very long time, 
and very instructive studies of superficial tension phenomena may be 
made by their means. Such films consist of two surface layers which 
have closed together by the withdrawal of the water from between 
them, and each layer is under the same degree of stress. The surfaces 
of all liquids exhibit allied phenomena. 

Wetting of Solid Surfaces. — A slip of clean glass dipped into 

a vessel of water, and then withdrawn, will be found to have 

Air a thin film of water adhering to it 

The film so formed consists of two 

surface layers, one in contact with the 

air, and the other in contact with the 

^rtntfnrj ^H^ftHfc, §urf*t:9 , glass. In this case the mass of glass 

plays the same part as the air in • 
bubble. If the plate be held vertically 
and partially immersed in a vessel of 
Fio. 11. clean water, the external surface layer 

of the film on the glass becomes con- 
tinuous with the surface layer of the water, and it will be observed 
that the water surface, where it meets the solid, is distorted, as 
shewn in fig. 11. 

Here we have the surface layer of the liquid in the vessel in a state 
of tension, and also the external surface layer on the raised glass plate 
in a similar state of tension, and the two stresses are acting at right 
angles to each other. To balance these tensions a small quantity of 
water, shaded in the figure, is lifted above the general level, and the 
free surf ace becomes curved. The weight of the water or other liquid 
raised is proportional to the superficial tension of the vertical surface 
layer, which covers the glass and is in contact with the air, just as the 
load on a spring-balance is proportional to the stress on the spring. 

The superficial tensions of different liquid surfaces vary ^very con- 
siderably, that of mercury being greater than that of water, whilst the 
superficial tension of the latter is greater than that of oils. 

Theory of Superficial Tension,— M olecular Attractions.— Sow* 
reasons have already been adduced in support of the view, that the 
* Phil. Mag., May 1888, p. 409. 




TAL TEN- 



33 



lea of solids powerfully attract eachothni when brought into 

^position. This is equally true of the molecules of Liquids, which, 

te of their fluidity, require the expenditure of a considerable 

amount of energy to separate their molecules completely. At sensible 

the attractive forces between molecules are inappreciable, 

but v distances separating them become infinitrsim.il the 

ome extremely powerful. It has been computed 
attractions become perceptible when the distances W the 



molecules are reduced to , 



millimetre* 



Berthelot found that water could sustain a tension of about 50 at- 

» plied directly , and the phenomenon of retarded 

bed by Dufour, helps to confirm tkis view. In a vessel con- 
taining a mixture of linseed oil and oil of cloves, the latter 
immersed drops of water, which were still seen to be sw 
after the temperature had been raised to 356* F. Thr pressor* of 
aqueous vapour is, at this temperature, nearly ten atmospheres, or 
147 lbs. per square inch. Hence the cohesion of the water must be able 
to support a tension of at least 132 lbs. per square inch. In these 
experiments the water was carefully freed from dissolved air, etc. 

hit f t — Evaporation or boiling may be 

regarded as a process in which the cohesive forces of the mo] 
the liquid have been completely overcome, the heat rendered 
being a measure of these forces. This view Lord Rayieigh * regards as 
substantially sound, and he calculates that, on this hypothesis, the 
cohesive force of water is 25,000 atmospheres. 

Lord Kelvin has pointed out t that the experimentally ascertained 
attractive forces are millions of times greater than would follow from 
the law of gravitation, on the supposition that matter is perfectly homo- 
geneous; but as we know that matter is not perfectly homogeneous, bjr 
postulating sufficient heterogeneity, the attractive forces may be ac- 
counted for without assuming any attractive force other than that in 
accordance with Newton's law. 

It is admitted that, as there is every reason to believe that the 
atoms and molecules never come into actual contact, this attra 
force, which ia operative over a limited range, must be balanced by 
a repulsive force of suitable intensity, operative over a different range ; 
consequently, the molecules approach each other until their attractive 

rd repulsive forces are in equilibrium. 
Condi Molecules. — It is clear that the molecules in 

the interior of a liquid are all in the same condition of stress. On 
the other hand, the molecules at or very near the surface are differ* 
ently situated, for the attractive forces are then by no means equal in 
all directions. In other words, the molecules at or very near the surface 
have their attractive forces only partially satisfied, and the unbalanced 
sea are constantly tending to reduce their number and, therefore, to 
lecrease the m Any increase of the surface area involves 

• Rayleigh, Pktt. Mag. t Dec. 18P0, p. 2S6. 

ret and Addrcssei, vol i. p. 59. 

C 
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an increase in the number of molecules whose attractions are not 
satisfied, and to effect this, force must be exerted. We thus have all 
liquid surfaces tending with considerable force to contract their areas, 
and exhibiting the phenomenon of superficial tension. The resultant 
effect of the mutual attractions between different portions of a fluid 
really gives the same result as would be obtained if the liquid were * 
" absolutely deprived of the attractive forces of its molecules, and its 
whole surface were coated over with an infinitely contractile film, 
possessing a uniform contractile force." This is a convenient way of 
explaining the fact that a mass of liquid, left entirely to the action of 
cohesive forces, assumes a spherical figure, but it is important not to 
lose sight of the idea that the spherical form is the result of an 
endeavour of the particles to get as near to each other as possible. 

Liquid Interfaces. — But even when we have the surfaces of two 
different liquids in contact, the molecular stresses may not be com- 
pletely satisfied, for the ranges and intensities of the attractive and 
repulsive forces of the two kinds of molecules may be very different 
There, consequently, remain unbalanced forces, and the interface is 
in a condition of strain. 

Lord Kelvin, who carried out a number of experiments on the be- 
haviour of dissimilar liquids when in contact, found it convenient to 
employ bisulphide of carbon, and a solution of sulphate of zinc, as no 
immediate chemical or physical action results on bringing such liquids 
together. Additional advantages arose from the fact that bisulphide 
of carbon assumes an intense violet coloration with iodine, which 
enabled observations io be more readily noted ; while the sulphate of 
zinc solution could be adjusted to any required density. When both 
liquids were at the same density, it was found that globules of either sus- 
pended within the other assumed a spherical condition as the result 
of the tension developed at their surfaces of contact. 

Miscibility of Liquids. — At present our knowledge of the conditions 
which determine whether two given liquids will diffuse into each other, 
or remain apart, is very limited ; indeed, a knowledge of their com- 
parative surface tensions affords us little or no help in this direction. 
Two drops of mercury, for instance, have the same surface tensions. 
The tension, however, of the junction surface between two drops of 
mercury is zero, and they unite to form one drop. Many liquids, on the 
other hand, which have very different surface tensions, will also diffuse 
into each other and mix in all proportions. 

Marangoni states that in all cases in which liquids do not mix, that 
possessing the smallest surface tension will spread over the one which 
has the greatest. At one time water and mercury were supposed to 
be exceptions, but it has been shewn that water will readily spread 
over a mercury surface if the latter be free from surface contamination. 
This subject has lately engaged the attention of Lord Rayleigh,t who 
concludes that the interfaced tension between any two bodies is pro- 

* Kelvin, Popular Lectures and Addresses, vol. i., 1891, p. 16. 
t "Theory of Surface Forces," Phil. Mag., p. 463. 
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portional to the square of the difference of certain values, peculiar 
to them, analogous to density in the theory of gravitation. 

Thus, suppose we have three fluids, the int< vhich meet along a 

12). Making T„ T*, and T s the 

and denoting the proper! > density by <r lt 
••, and aj, then, according to Loid Rayleign, 

T, OC(<r 3 -. (1) 

T 8 cc(^-^ ..... (2) 

T 3 cc(«r 3 -<r,)* .... (3) 

It will be found that whatever the three kb\ bove 

% the interfacial tension T l between the liquids of greatest an 1 

least " .ill always exceed the combined tensions T 2 and T 3 of the 

interfaces, and that consequently the liquid of intei mediate ten 
will always be drawn in between those of greatest and least so 

This theory has an important bearing upon diffusion phenomena, 
for when two miscible liquids are brought into contact the interface 
immediately dlsapy tears, and there Lfl substi- 
I for it a thick layer, across which the 
value <r changes gradually from that of one 
liquid to that of the other. According to 7 

le surface tension force of any 

two miscible liquids in contact may be con- 

ributed over the space in winch 

diffusion is tai e, and, as the number 

of contiguous layers may b 1 as infinite, the force between 

layer becomes infinitely small, and it has been shewn that 
leir sum must be zero. 

b. — It was not until the surface tension 

ena of solids were recognized that the theory assumed its 

for it will at once be seen that the above applies to the 

molecules of solids as well as liquids, and also to the molecules 

at the bounding surfaces of solids and liquids, even when in contact 

with gaai 

\j\ solids, as in liquids, the molecules attract each other powerfully, 

and the surface molecules are in the peculiar condition of haying the 

stresses arranged differently in directions parallel to and normal to 

the surfaces. The surfaces of solids must, therefore, be in a state 

of tension; but in their case the stresses are not sufficiently powerful 

to produce perceptible deformation of the mass. Very viscous 

do shew the reality of the stress, even when the 

liquids are so viscous that they act very much as solids do ; for in 

if course of time they round off their sharp corners and show all 

a peculiar surface tension phenomena of mobile liquids, A piece of 

glass, having sharp cutting edges, when heated rounds off its corners. 

It would scarcely be logical to argue that superficial tension only 

comes into existence the moment the solid is softened by the heat. 

er must we consider that the surface was in a condition of stress 




: 
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before the glass was heated, but that the tension only shewed itself 
when the mass ceased to be rigid. 

Contact of Liquid* and Solvi*. — Although it might be thought that 
we should be unable to experimentally demonstrate the existence of 
surface tension in solids, the behaviour of liquids and gases in contact 
with solids is really in accordance with theory. A particular liquid 
does not, for instance, act towards all solids in the same way. Water 
will wet and spread over a clean sheet of glass, but when a drop of 
water is placed upon a sheet of solid paraffin wax it draws itself up 
into a bead. Mercury will not wet any known solid with which 
it does not amalgamate. From this we conclude that mercury has 
a greater surface tension than glass, and that water has a surface 
tension greater than that of paraffin wax, but less than that of glass. 
All lubricants have surface tensions much smaller than those of the 
metallic surfaces to which they are applied : they consequently spread 
over them and wet them. 



I, 



Air 




« Mercury 



ft 

Fig. IS, 



Fig. 14. 



Although, according to Marangoni and Laplace, three fluids cannot 
rest in contact, yet if two liquids and a solid be brought together, the 
latter being a body of intermediate surface tension, neither of the 
liquids can spread completely over the solid, for the tension at the 
interface between the solid and any one of the liquids can never 
exceed that at the other two. 

Fig. 13 illustrates this. Here the solid o\, has a flat surface and 
against it rest the liquids <r l and <r s , the former having a smaller and 
the latter a greater tension than that of the solid. So long as the 
magnitudes of the surface tensions are thus distributed then T x (the 
interfacial tension between the liquids of greatest and least 'density ') 
is greater than the sum of T.> and T3, and the point of meeting is 
drawn along the surface of the solid until T x assumes such an angle 
with the solid surface that the forces are in equilibrium. It will be 
noticed that the tension T 3 is tending to wrinkle the solid surface and 
draw it between the two liquids, so as to arrange the three bodies in 
the order of their surface tensions. 
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"When a liquid of high surface tension, such as mercury, is resting 
Upon a solid of lower surface tension, such as glass, although the liquid 
does not spread over the solid and wet it, there is really a close union 
of the two masses, which can only he parted by the exercise of force 
or the interposition of a liquid of intermediate surface tension. 
Indeed, so close is the contact of mercury and glass that the vacuum 
in a barometer remains unaffected for years. 

Fig. 14 illustrates the conditions obtaining in a tube immersed in 
mercury. Here T« is so much more powerful than T L that the 
mercury surface is depressed until T 8 makes such an angle with the 
surface of the solid that T 1 and T, together balance T 2 . 

When oils and water are brought into contact with metals the 
liquid of least surface tension is not necessarily easily displaced by the 
liquid having the greatest surface tension, for everything depends 
upon which liquid touches the metal first. Thus, if the metal be 
made perfectly clean, and then dipped into oil, water cannot penetrate 
between the solid and the lubricant, for the metallic surface has become 
so contaminated by the oil that it behaves as though it were a solid 
surface of smaller surface tension than water. On the other hand, if the 
clean metal be dipped into water first, then the water is not displaced 
by the oil, and we have the liquids in the order of their surface tensions. 
This reasoning accords well with what is known concerning the action 
of water in steam cylinders, for when copious condensation takes 
place, and the water cannot get away freely, efficient lubrication is 
almost an impossibility. This, of course, does not apply to cloudy 
steam impinging upon rubbing surfaces. In such a case each minute 
drop of water may be covered by a pellicle of the lubricant which 
necessarily reaches the metallic surface first and lubricates it. 

The readiness, however, with which solid surfaces become con- 
taminated by many substances, and the difficulty experienced in 
cleaning them again, is satisfactorily explained by assuming that the 
surface molecules exert a very considerable attractive force on sur- 
rounding matter. Indeed freshly formed solid surfaces at once 
attach to themselves from the air an exceedingly thin coating of 
moisture, which is in a few hours replaced or supplemented by a 
layer of grease. Such contamination films are probably not always 
continuous sheets covering the surfaces and separated by an abrupt 
line of demarcation from the solid, but mixtures of liquid or gaseous 
molecules with the surface molecules of the solid. 

Although Lord Rayleigh's theory concerning the comparative 
intensities of the surface tensions of liquids and solids serves to 
explain very clearly some of the most striking surface tension 
phenomena, it must not, as he says, be followed too far ; for there 
still remain numerous phenomena which it fails to explain, or is even 
in apparent conflict with. However, even if the hypothesis is too 
narrow to accord with all the facts, it illustrates clearly the main 
points with which we have to deal. 

Lubricating Films. — Oiliness. — When a glass surface is rubbed 
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>y a wet finger, care having been taken to remove all grease, the 
riction between the skin and the glass is very considerable. If the 
mrface be the edge of a wine glass, the alternate seizing and freeing 
)f the contact surfaces causes the glass to vibrate and produce a musical 
note. Even such a thick liquid as glycerine, when the rubbing move- 
ment is slow, fails to keep the surfaces apart and prevent the glass 
From feeling harsh. A little grease, fat, or good lubricating oil will, 
du the other hand, remain as a fairly thick film between the surfaces, 
and enable them to slip freely over each other even at low speeds. 

We may, therefore, take it that a film of pure water between two 
solid surfaces is so thin that it fails entirely to keep their asperities 
from interlocking ; whereas lubricating oils form films on such surfaces 
which succeed, more or less, in preventing the asperities from inter- 
locking, and so greatly reduce the friction between them. 

In many respects the property which some liquid films possess of 
powerfully resisting all attempts to reduce their thicknesses below 
certain fixed values, and even, as we shall see, of preventing bubbles 
from bursting, is a most valuable one. It is evidently in no direct 
way dependent on viscosity, for many very viscous liquids fail entirely 
to form lubricating films. Nor is it measured by the superficial 
tension of the liquid. All we have a right to say is that when the 
superficial tension of the lubricant is less than that of the solid, the 
liquid spreads itself over the surface of the latter, and when it has 
so covered the surface, its lubricating value depends upon the thick- 
ness of the layer it forms, and the extent to which it resists efforts 
made to expel or extrude it. 

Stability of Liquid Films. — Very little is known concerning the 
thickness or viscous properties of liquid films, other than can be 
gathered from friction phenomena. For example, the experiments 
of Prof. Thurston * on the static friction of surfaces lubricated with 
lard oil and sperm oil would seem to prove that although the former 
is nearly twice as viscous as the latter, the lard oil gives the smallest 
coefficient of friction, and therefore must form the thickest lubricating 

film. 

A difference has also been noticed in the relative stability of 
bubbles blown from different liquids. Pure water, for example, will 
not form permanent bubbles— the film rapidly gets thin in places and 
bursts, owing to the superior tension of the surrounding parts. On 
the other hand, when soap is added to the water the film refuses to be 
reduced to a thickness of less than twelve millionths of a millimetre, 
for with decreasing thickness its strength increases. This minimum 
thickness of a soap film is sufficient to prevent polished surfaces sepa- 
rated by it from touching each other except at a few points and, there- 
fore, constitutes it a lubricant. 

Profs Reinold and Rucker t have studied the properties of soap 
films with great care. When first formed, the surfaces enclose a 

* Friction and Lost Work, Third Edition, p. 316. 

\ Phil. Trans. , 1883, p. 645, and 1886, p. 627. 
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e volume of liquid which does not in any way affect the 

i of the surface layer, and when this portion of the liquid has 
drained away, the film remains at a constant thickness of about 
twelve millionths of a millimetre. At this figure the surfaces may be 
consul d together and the films look black all over, 

for they reflect very little light and have ceased to shew Newton's 
The stability and uniform thickness of these thin films in-li- 
ite that, when a certain minimum thickness has been reached, the 
male strength increases and prevents rupture. 

The majority even of very viscous mineral oils are deficient in 
©nines?, for they do not form sufficiently thick films to keep the 
static friction as low as can be obtained by using animal or vegetable 
ubricants. This has led to the manufacture of 'compound' and 
'thickened* oils. The former are mixtures of mineral with animal 
and vegetable oils. The * thickened " oils contain various ingredients, 
, which are supposed to act by increasing the viscosity, 
rat which may have the sime effect upon mineral oils as on water, 
usy may cause them to form thick lubricating films instead of thin 

Experiment only can determine whether the latter mixtures' are 
eally useful; the substances added are not always adulterants, but 
'ather in- added for the purpose of conferring upon the 

ubricants properties in which they are deficient. 

Circumstances which Modify Surface Tension.— Temperature, — 

f a thin film of oil be spread over the upper surface of a metal 

►late, and a hot iron be caused to touch the underside, the oil will 

rink away from the heated spot and leave it almost clean. This is 

used by a decrease in the tension of the heated oil surface and the. 

n sequent drawing away of the oil by the cooler surrounding film. 

It appears that the surface films of all liquids diminish with rise 

«ture, and less energy is required to separate their mole* 

, Thus, in converting water into steam at 212° F., 9657 unite of 

per lb. are required, whereas at 374" F. 649*0 suffice. 

ig to this reduction of surface tension by heat, the oil film on 

bearing is drawn away from the rubbing surfaces by the 

r superficial tension of the film on the surrounding cool parts, 

lubrication becomes more and more defective as the bear 
hotter, owing to the creeping away of the oil and its lessened 
ty. 

ittj, — We have hitherto spoken as though the contact erur- 

of dissimilar liquids, gases, and solids were really sharp surfaces 

n between the opposing molecules of the media in con- 

sh, however, is not really the case, for many liquids are 

UQfh if not wholly, soluble in each other. Ether, for instance, 

in water, but when more than one part of ether is added to 

of water the excess of ether remains separate from and in* 

in the aqueous liquid. Similarly, ether dissolves about three 

cent, of water. The interfacial surface between mixtures of these 
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liquids does not, therefore, separate ether from water, but rather 
abruptly separates mixtures of the two liquids from each other. 

Superficial Solubility. — There is reason to believe that the solu- 
bility of liquids, and also of gases in liquids, follows different laws 
in surface films, where the molecules are in peculiar conditions of 
strain, than it does in the interior of liquids. 

This may be shewn in many ways. For instance, a thin disc of 
camphor so placed that it is half immersed in a clean water surface, 
in the course of a few hours, is cut through by the superior solvent 
action of the surface film. In some cases the action is reversed, and 
the mass of the liquid displays a greater solvent power than the surface 
layer. 

The superior solvent power of a water film over the mass of the 
liquid has been shewn by Lord Kelvin and Dupre\ who found that, 
at the first moment of their formation, surfaces of soapy water have 
hardly less tension than pure water, but that the molecules of the 
dissolved soap gradually collect in the film and greatly modify its 
properties. 

This concentration of the dissolved substance in the surface film 
also takes place when the interface is one separating a solid from a 
liquid, for it has been long known that vinegar can be separated from 
water by the immersion of very fine sand in the mixture. Potato 
spirit, if filtered through clean sand, passes water first, then alcohol, 
and finally alcohol plus fusel oil. 

Dr. Gore* made a number of interesting experiments on the be- 
haviour of various aqueous solutions in contact with finely divided 
silica. He found that, on agitating solutions of acids, alkalies, and 
salts with this powder, and allowing it to subside, the solid in many 
cases abstracted as much as 80 % of the dissolved compound. 

This concentration of a dissolved substance on the contact surface 
of the liquid with the solid, enables a lubricant to be applied with 
ease, and without serious waste, to the friction surfaces of hydraulic 
machinery. The more or less soluble lubricant is added to the 
water before it enters the pipes, and then by concentrating upon the 
surfaces lubricates them and greatly reduces the friction and wear. 

Contamination of Liquid Surfaces. — Lord Rayloigh and Agnes 
Pock 1 08 f have shewn the remarkable effects that even traces of foreign 
substances exert upon the surface tension of water. It is in some 
measure this marked action of traces of impurity which makes ex- 
perimental work on surface tension phenomena so difficult, and which 
places such obstacles in the way of the practical application of our 
present knowledge. Agnes Pockles used a rectangular trough 70 
cm. long, 5 cm. wide, and 2 cm. deep, filled with water to the 
brim. A strip of tin about 1-J- cm. wide was laid across it at 
right angles to its length, so that the underside of the strip was in 
contact with the surface of the water and divided it into two 
portions. By moving this partition, the surface area could be varied 

• Chem. News, vol. lxix. p. 22. t Nature, vol. xliv. (1891) p. 437. 
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to any desired degree. The surface tension was measured by the 
force necessary to separate a small disc from the surface. A per- 
fectly clean surface was obtained by placing the tin partition at one 
end of the trough and drawing it across the surface, thereby sweeping 
off the contamination. Such a surface retains an approximately uni- 
form contractile force, however much the partition may be moved 
and the area varied. On the other hand, a strongly contaminated 
surface was found to have a variable surface tension. 

The effects of contamination films may be shewn by sprinkling 
upon a clean surface of water lycopodium grains or other suitable 
powder. Such a surface, if touched by a needle which has been 
dipped in oil, will at once become contaminated, and the effect pro- 
duced by the spreading of the oil over the surface is as though 
a hole had been pricked in the film, for the dust-covered surface 
draws rapidly away from the oiled centre and crowds the dust 
particles towards the edge of the vessel. A drop of spirit allowed 
to closely approach or touch the water surface weakens the tension 
of the film in a similar manner. 

To shew how greatly the tension of a clean water surface differs 
from an oiled one, a light rubber ring may be floated uiion a clean 
water surface. The tensions of the surface film being the same 
inside and outside, the ring, by its elasticity, assumes a circular form. 
On bringing a little oil into contact with that portion of the water 
surface outside the ring it loses a comparatively large proj>ortion of 
its strength. The superior tension of the internal film then distorts 
the ring or even causes it to collapse completely. 

Surface Energy. — Proportional to Surface A rea. — As any increase 
in the area of a surface involves the expenditure of work, and as 
either increase or decrease in the value of the tension of a surface pro- 
duced by its closing upon another surface, or coming into contact with 
a contaminating substance, alters the work such a surface is capable of 
doing, each unit of area of such surface represents so much available 
energy. Indeed it acts like a stretched sheet of rubber which can do 
work by contracting. We must, therefore, regard the total energy of 
a body as not being solely due to its temperature and its volume, but 
as also depending to a certain extent upon the area of its surface. 

The separation of a drop of any liquid into two or more parts 
can only be accomplished by the expenditure of work, for the 
volume of a sphere is proportional to the cube of its radius, whereaa 
its superficial area is only proportional to the square of the radius. 
Thus the finer the state of division of the liquid, the greater the 
superficial area in proportion to the volume. The total energy of a 
liquid is therefore increased by breaking it up into separate drops, 
and the total energy of the mass must include this energy as well as 
that duo to its temperature and volume. A given weight of steam, 
which is water broken up into separate molecules, has therefore more 
energy than the same weight of water in its liquid state and at the 
same temperature. 
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When experimentir.i: on capillary phenomena, care should be taken 
that all the tubes, ••tc, employed are quite clean. Indeed if the 
surfaces bo chemically clean, and the liquid experimented on 
possesses a smaller superficial tension than the solid, the liquid will 
at the moment of contact with the solid rise and wet the whole of 
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its surface. It is, however, better, after cleaning the tube, to moisten 
it ail over with the liquid to be experimented on, and thus ensure 
that the effects shall not be interfered with by atmospheric impurities. 
When a tube which has been cleaned and moistened is dipped into 
a heaker of water, the liquid rises rapidly in the bore and may reach 
a height of an inch or more. When this takes place in a moist 
atmosphere the whole of the surface of the tube, both internally and 
externally, is covered by a film of. water which is continuous with 
the water in the beaker. On the outside of the tube, the vertical 
stress of the film raises a small ring-shaped mass of water above the 
general surface level, the weight of which just balances the tension 
of the film. On the inside of the tube, the tension of the film cover- 
ing the walls of the bore draws up a long column of water which 
also balances the tension of the internal surface film, and is a 
measure of its pull. Hence the height to which the liquid is drawn 
up in the tube varies inversely as the radius of its bore. 




Fig. 15. 



Fig. 10. 



But it is by no means essential that, to secure the rise of a liquid 
column above the general surface, a tube should be used. A few 
lengths of wire held so as to enclose a small area will also produce 
the same effect. 

Fig. 15 is a section of four parallel wires which dip vertically into 
the liquid. Between these wires superficial tension surfaces form, 
and furnish walls which act much as the walls of a rubber tube 
would, converting the wire cage into a tube up which the liquid 
rises. 

Flow through Wicks. — A worsted string or a lamp wick is really a 
similar contrivance, and, as the strands are very fine and close 
together, the liquid often rises several inches. As long as the surface 
tension of the fluid is less than that of the material of which the wick 
is made, and therefore wets it all over, the liquid column rises to a 
height proportional to the surface tension of the fluid. When such a 
partly immersed wick hangs down outside the vessel containing the 
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iquid, if the lip of the vessel be not too high, then the wick 
onstitutes practically a number of small siphons, through which the 
uid flows. In such capillary passages the flow is steady, and the 
olume passed is directly proportional to the head and inversely pro- 
portional to the length of the wick and the viscosity of the fluid. 

Fig. 16 shews such a case. Here the height h of the column pro- 
lucmg the flow is measured from the surface of the vessel to the end 
>f the wick, whilst the length a of the wick gives the length of the 
apillary passages. 

From Poiseuille's formula for the flow of liquids through capillary 
iubes we find that the volume passed in t seconds is 

V = C?^ .... (4) 

the value of C varies with changes in the size and texture of the 
wick. 

It must be remembered that in the case of siphon wicks the walls 
of the passages, along which the liquid flows, consist partly of liquid 
surfaces. Consequently as soon as the suction at the top of the 
siphon becomes too great, owing to the fall of the surface in the 
reservoir, for the surface tension to balance it, the liquid walls 
collapse, air is drawn between the strands and siphoning ceases rather 
suddenly. On this account the formula (4) does not hold if the long 
• leg ' of the wick falls so low that the weight of liquid in it shall of 
itself rupture the external film. Strands of worsted consist of rather 
coarse fibres and can only be depended upon to raise the liquid over 
a lip rising about 1 \ inches above the liquid surface. When more 
powerful lifting action is required, as in lamp wicks and the strands 
used to supply lubricants to railway axle pads, cotton pleated very 
finely is used instead of worsted. 

All such wicks, pads, strands of worsted, etc., when exposed 
to the air, absorb moisture and other substances. Oil will not, 
therefore, flow freely through them until they have been well dried 
and then wetted with the liquid in which they are to work. The 
volume of lubricant such wicks will supply depends, as we have seen, 
not only upon the superficial tension or capillarity of the liquid, but 
also upon its viscosity. The height to which it rises increases with 
the superficial tension and the fineness of the external mesh of the 
wick. 

Cohesion Figures. — Although in the practical testing of oils the 
observation of the curious forms assumed by the spreading of oil 
drops on clean water surfaces has not yet been found to be of much 
practical value, cohesion figures are of great interest, and may yet be 
found of service. 

When a drop of oil is allowed to fall on water, although it quickly 
contaminates the whole of the water surface, the greater portion 
remains as a lenticular mass, which spreads with greater or less 
rapidity ; becomes perforated with holes and forms beautiful lacelike 
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figures ; and finally separates into numerous lenticular discs. Different 

oils produce in most cases different figures, and these figures are altered 

by the presence of adulterants. The thickness of the contamination 

film surrounding the oil discs is exceedingly small — about two 

millionths of a millimetre — and the tension of this attenuated film 

would Beem to be about as great as that of the combined pull of the 

oil and air and oil and water surfaces enclosing the lenticular ma**es 

°f superfluous oil. This tendency of the two surfaces of a film to 

close together and force the excess of fluid to collect in separate 

Brasses resembles closely the phenomena observed in soap bubbles by 

Profs. Reinold and Rucker, who noticed that the thin black film was 

°ften surrounded by one having a thickness 250 times as great. 

It is clear, however, that before the significance of the action of the 
surface forces of liquids and solids upon some of the more obscure 
Phenomena of lubrication can be satisfactorily ascertained, further 
Research upon surface tension phenomena will be required 

Measurement of Surface Tension. — Tension of Films. — We have Keen that 
the surfaces separating solid, liquid, and gaseous substances from each other 
are in a state of tension, and that the magnitude of this tension varies with 
the nature of the substance or substances in contact ; or, when the surfaces 
are not clean, with the nature and extent of the contamination. Such sur- 
faces act like stretched sheets of indiarubber, but the tension is always the 
same in all directions, and, when not contaminated, has the same value 
however much the film may be extended. 

In fig. 17 ABCD is a stiff wire frame upon which the cross wire PQ 
slides freely. In the area enclosed by the wire is a liquid film, a measure of 
the tension of which is required. This film, it will be remembered, coiikikU 
of two tension surfaces which pass round and grasp the wire frame and slider 
on all sides. The two surfaces are separated 
from each other and from the surface in contact 
with the wire by an inactive liquid layer of 
variable thickness. The active liquid surface 
layer which produces the tension effects has a 
thickness of about five millionths of a milli- 
metre, the water layer inclosed may be a ' c * ^ 
hundred or more times thicker than this. To 
prevent the elasticity of the film from drawing ¥lG ' 17# 
the cross wire PQ towards BC, a force 1? 

must be maintained acting in the direction of the arrow. If T 1* the 
superficial tension and b the distance apart of the wires BA and CD, 
then, as there are two surfaces to the film, separated by liquid, 

F=2T6 (5) 

Rise in Capillary Tubes. — The method which has usually been 
adopted for measuring superficial tension is by ascertaining the height 
to which liquids rise in capillary tubes. The degree of accuracy 
obtainable is limited, however, by (a) the narrowness of the tube, 
(b) the shortness of the elevated liquid column, (c) the difficulty of 
measuring the mean height of the liquid, (d) irregularities in the bore 
of the tube, and (e) the difficulty of securing a clean surface. The 
method is quite accurate enough, however, for all practical purposes. 
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Fig. 18 shews the conditions of equilibrium of a liquid which has a 
smaller tension than that of the material of which the tube is made. A film 
of the liquid is drawn over the whole of the surface of the bore, and by its 
tension the liquid is drawn up until it just balances the weight of the 
column. A very simple calculation gives the superficial tension of the 
liquid. If r be the radius of the tube, p the density of the liquid, a the force 
of gravity, and h the mean height attained in the capillary tube, the vertical 
* ~* - - .... (6) 

• • • (?) 



1= 



force (W)=2irr T 



Thia supports a weight of liquid (W)=»r %f>y 

and T= r ^ 
2 



consequently 2*r T = nrfhpg (8) ; 



(9) 



This method only holds true when the liquid has a smaller super- 
ficial tension than the solid, and spreads over it. But there are 
bodies, such as mercury and glass, where the liquid has in all proba- 
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bility a greater surface tension than the solid. In such an instance, 
although the liquid adheres with some force to the solid, it cannot 
spread over it, and the solid on account of its rigidity cannot spread 
over the liquid, we, consequently, have the combined effects of three 
tensions to deal with as shewn in fig. 14. The vertical component in 
this case may act downwards, and the tension of the surface of the, 
meniscus where it touches the glass acts at an angle. But no known 
lubricants have greater superficial tensions than has glass, and, con- 
sequently, although such cases are interesting to physical students, 
they have little if any practical importance. 

By FUm Tension, — A direct method of measuring the strength of 
the tension has been employed by Proctor Hall* at the suggestion of 
Prof. Michelson. 

A glass frame, fig. 19, is suspended from one arm of a delicate 
balance, so that it is partly immersed in a liquid. The weight is first 
* Phil. Mag. t November 1893. 
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vhen a film of the liquid is extended between the bar A B and 
quid. The lower bar La completely immersed and serves to 
q the end portions which dip into the liquid. After breaking 
the film another reading is made, care being taken that the frame 
remains immersed in the liquid to exactly the same depth as before. 
Such a film consists of two surfaces which have closed together and 
looped round the bars of the frame. The surface tension ii 
difference between the two weighings divided by twice the width 
of the frame. When very exact determinations are require 
email correction has to be made for the width of the frame, for the 
film distorts the capillary rise of the liquid on the inside of the 
vertical bars A C, B D. The amount of this correction is found by 
taking the tension of the same liquid with two or more frames of the 
same thickness, but of different widths. 

Fig. 20 shews in section the conditions when there is a film in the 
frame. The tension that may exist on the face separating the I: 

the frame has no effect whatever on the balance, for the surface 
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an and the liquid meet encloses the upper bar and closes 
together to form a film beneath it. This film it is which supports the 

Eof liquid wliich is shaded and which acts upon the balance. 
Plate. — The films of some liquids, such as alcohol, 
r, and chloroform, break almost immediately they are formed, 
consequently their superficial tensions cannot be found by this 
inethod. Proctor Hall, therefore, adopted a modification of Wilhel* 
niey's method. The glass or metal frame was replaced by a thin 
rectangular plate of glass, mica, or metal. The plate was adjusted by 

over a liquid until the whole edge seemed to enter the liqtti 

once when lowered into it, and when raised slowly parted from the 

uid first at both ends and lastly at the middle of the lower edge. 



liqi 



Fig. 21 shews in led i renditions obtaining. The tension mvf 

parating the air and the liquid, rises over the solid and envelope it, and 
by its contractile foree draws up the two shaded masses of water, the weight 
ol which the balance measures. The results are obtained as follon 
The index of the balance is brought to zero. The vessel containing the 
liquid is then slowly raised until the liquid touches the under edge of the 
plate and wets it. As soon as this takes place the liquid film spreads f-wr 
the plate and by its tension acta on the balance, The balance is again 
"luted to zero and the lower edge of the plate is thereby also brought to 
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its original level. Where b is the breadth, r the thickness of the plate and 
T the surface tension 

W=2(6+ T )T (10) 

Both these methods give concordant results and admit of extremely 
accurate work. 

Instead of a plate a vertical tube may be slung from a specific gravity 
balance, the vessel containing the liquid resting upon a table which can be 
raised and lowered by a rack. Making W the weight on the balance, r x the 
inside and r s the outside radius of the tube, then 

W = T(2»r 1 +2wr 2 ) ..... (11) 

~~ ~~ 2*^+2*^ * 

In other words the weight divided by the inside circumference plus the 
outside circumference gives the surface tension. 

For a description of this and other methods of measuring superficial 
tension the paper by Proctor Hall* should be consulted. 

In all cases the surface tension of the liquid to be measured must 
be less than that of the solid plate or frame, or the former will not 
spread over the latter and form a film acting in a direction parallel 
with the solid surface. A little grease or oil on the plate will so 
reduce the superficial tension of the solid that water will not spread 
over it. In all cases the solid should be well washed with caustic 
soda solution, well rinsed in clean water, and then heated in a Bunsen 
flame. 

* Phil, Mag. t November 1893. 



CHAPTER IV. 

THE THEORY OF LUBRICATION. 

Lubrication and Friction. — Lubrication of Surfaces. — In Chapter I. 
the subject of solid friction was dealt with in some detail, and it was 
pointed out that unless solid surfaces be contaminated by lubricating 
substances they generally seize and abrade each other even under very 
small loads. Such contaminated surfaces cannot properly be called 
lubricated surfaces, for the particles of the lubricant are merely 
entangled in the minor surface irregularities of the solid, while still 
leaving it rough. 

The laws of solid friction appear to be unaffected by the presence of 
contamination films, which only serve to reduce the coefficient of 
friction and enable metals which would otherwise seize to work 
together at moderate pressures. On the other hand, when a surface 
is properly lubricated it is flooded with the viscous or plastic substance, 
and the coefficient of friction depends chiefly upon the nature of the 
lubricant and the form of the surfaces. Although the difference 
between a contaminated and a lubricated surface is only one of degree 
it is convenient to consider surfaces which have been wiped clean as 
contaminated only, and surfaces which are wet with the lubricant as 
lubricated. 

Objects of Lubrication. — In the design of machinery, the engineer 
seldom has to deal with unlubricated rubbing surfaces. His object 
is the transference of energy, and its utilization at some particular 
place, with as little loss as possible. In effecting this the rela- 
tively moving surfaces are often pressed together with considerable 
force, and caused to slide over each other at high velocities. Unless 
such surfaces be kept apart by the interposition of a lubricant, the 
f rictional losses will be great, and the wear and tear of the surfaces, in 
most instances, proportionately serious. Indeed, were it not for the 
properties certain liquids and soft solids possess of keeping the 
relatively moving surfaces apart, and thereby reducing the frictional 
resistances between them, it would be impossible to carry on many 
most important manufacturing processes, or to move our vehicles at 
anything like railway speeds. In the case of properly lubricated 

D 
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Variniis :";•■ Ia*v5 .roveraing the friction between contaminate*! >ur- 
:\u':*s :r 7;--; Li« • l-1 -.rue, for at IiLrh speeds and often at comparatively 
Lo*v *at»rtia ilso. surii TreLi Lubricated surfaces are wholly separated 
:r~m *ira jciier. and she friction depends upon the thickness of the 
I:ii'-r.ca:;nj uLm. she. uva of she surfaces in contact, their relative 
v.noi.ur.es. and "Lie ~sc-:->i:y of she Lubricant. 

/"»-•. --/ / L.ii-.-u i .-v. — r'arll quite recently the engineer has had 
so >t» -ix-d um«ss w:ii:Lt by experience in the design of bearing 
surruvs and she meraods of :Leir Lubricasfon.: the theory of lubrication, 
or :f :he action of vi^cus or •:■ lassie .substances in tliminishing friction 
bevv-vn ?*j\t~-\j moving *...iid.-». ha Tin z received little attention. 
X ■•; :ha: ^xy^riineusa.L :uT-is:ii:asioiis had been neglected; as a matter 
of rioj i t.l-: .i:u -un: f exir-erimensai ilata had been collected, but the 
r*su.ss z-'' ■»:> zn'.^l so l^rev ^usb ea^ bother, but they also failed to 
■i^: j - -v.:!: si:e j^u^nL +xs;-erieuoe of engineers concerning the frictional 
r*s:>: inoes f ma v.:::-*ry. The experiments of Mr. Beauchamp Tower, 
•ivji'.-^jLJi-tz i: :!-•• --.sMiice :f she lussisiision of Mechanical Engineers,* 
Lav*. ii:--v.;v^r. oO.-^L :o explain she reason of most of these dis- 
v:r"M ;:.:.?. H-* yr/v-Hi :L:as a ^eat deal depends upon the way in 
w.. :■■".■. :.:e L:"*rica::: :s iryLied so she bearing: the friction depending 
::*.■ : sL:-* ; :in::sy md unLf:ru:i:y of dis; ribution of the oil as well as 
::::■ n :L:e :::si :: tL'.-* bearing speei etc. Most of his recorded 
rx; ■■ riuiouts w-r* zia.Ie in such a manner that the lubrication was 
w. '..«.: '.:■* mLLv. "perfect": ■.-.. the bearing was flooded with oil. 
L . . s r ■ s : : L :s w ■ r- * jo u: y a ra* Le ^ : : a eao h o : her, agreed better than 
vrrvi :s ex;vri::::t::s w::I: she fri:s:onal resistances met with in such 
corny, x uivL::: s is s:^azi erzir.es. and were in close agreement 
* : : *. : *.-. y : : >■ : . y :*. \ m :■ • a! : I: :o ry . T ake n in conn ection with other 
e\y •■?'! :::■:■ :::al rosuLss, :hey have, shanks mainly to the work of 
Fr ■:. i '*'vrr.e U-v :■..-! I*, enabled us so frame a fairly complete theory 
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!":■.: :■ ^ ::■.::■.. i :e'.y. :i:e same car.no: be sai 1 of our knowledge of the 
s: it.c •: L; w speed friction of Lubricated surfaces. On this subject we 
x.xw ov.'.y > ■:::: ous li-jse co:;ii:ions which ?eem to be of importance, 
a:, i ur.ve ?u-*h i?x^--ri:ue::r*il data as are available. 

Iho :!i-ory of h : v:h speevi lubrication is Kised upon the supposition 
thi: a Iv.I-ricans acts in virsue of its viscosity and density, physical 
properties which cause the fluid lubricant to insinuate itself between 
the relatively moving surfaces ami force them apart. Such fluids, 
however, oflVr considerable resistance to shear, and, except at low 
8[>eeds t it is this resistance which mainly occasions the friction of the 
bearing. The value of this resistance depends upon the viscosity of the 
lubricant, the relative speed of the surfaces, their area aftd inclination 
to each other, and also upon the thickness of the lubricating film at 
each point. When these conditions are known, the resistance offered 
to their relative motion can, very approximately, be calculated. That 
these are really the co ml it ions which determine the friction will be 
* /Vc/c. Inst. Meek frig., 1883, 1885, 1888, 1691. 
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seen when we come to consider bearings of different kinds and com- 
pare the experimental results with those deduced from theory. 

Fridional Losses. — The fall benefit derived from the u*e of a 
lubricant was, until quite recently, seldom taken practical advantage 
of, as certain adverse conditions almost invariably accompany perfect 
lubrication. When the mechanical problems to be solved become 
better known, such defects will no doubt be capable of remedy. In 
this connection Prof. J. Goodman* remarks " out of every ton of fuel 
consumed for engine purposes, some 400 to 800 lbs. are wasted in 
overcoming the friction of the working parts of the motor, and further, 
every machine driven by a motor also, wastes a large percentage of 
the remaining power by its own friction. One would not be far short 
of the mark in saying that from 40 to 80 per cent, of the fuel is 
consumed in overcoming friction. This extremely wasteful state of 
affairs is most unsatisfactory, and happily can be greatly improved by 
a due observance of the laws of friction and lubrication." 

Conditions of Lubrication. — Bearing surfaces are of various shapes, 
the most common form being cylindrical ; often, however, they are 
true planes, but whether cylindrical or flat, the opposing surfaces wben 
working are seldom quite parallel to each other. To illustrate the 
theory of lubrication, we will take the three following conditions 
under which a lubricant works in practice : — 

1. Static Lubrication. 

2. Low Speed Lubrication. 

3. High Speed Lubrication. 

This order of treatment is convenient as, although at high speeds 
the friction depends very greatly upon the shape of the surfaces and 
the free supply of the lubricant, such is not the case at low speed*, 
for the surfaces then act as though they were approximately parallel, 
and the lubricating films very thin in places. 

Static Lubrication, —Friction of Thin Lubricating Ft7/w*.— When 
two surfaces, between which there is a viscous lubricating fluid, are 
pressed firmly together, the lubricant is slowly expelled, the faces 
eventually approach each other very closely, and in order to cause them 
to slide over each other, considerable force has sometimes to be exerted. 
It is evident that if the solid surfaces were perfectly smooth, and the 
film had an appreciable thickness, any force however small would cause 
relative motion ; for in the case of a viscous fluid film (see p. 19 (5)) 

F-^ (1) 

the resistance F being proportional to the speed v v so that when 
ri = 0, F=0. 

But bearing surfaces are never perfectly smooth, and, as in the 
case of so-called solid friction, the projecting portions interlock 
somewhat, even though they may be prevented from actually touch- 

* Paper read before the Manchester Association of Engineers, March 1S90. 
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ide with plastic lubricants (see p. 03) it would 
appear that under such loads as are used in practice, and when the i 
faces are relatively at rest, the film is so thick that the static coefficient is 
much less than that given by even good viscous lubricant*, and also thai 
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larities of metallic faces are, to some extent, prevented from inter- 
locking or from cutting or abrading each other when set in motion. 
Different lubricants form films of very different degrees of thickness. 
The property does not seem to be in any direct way related to vis- 
cosity, for equally mobile liquids vary greatly in their power of form- 
ing thick stable films and reducing friction. Although this subject 
has been already dealt with at some length in an earlier chapter, we 
will again refer to a few of the main points which seem to have a 
bearing upon the static coefficient of friction. 

Mineral, unlike animal and vegetable oils, seem for the most part 
deficient in this property of forming thick, permanent films. When 
used for bearings which have to carry comparatively heavy loads on 
small rubbing surfaces, mineral lubricants are therefore often mixed 
with animal or vegetable oils, greases, fats, etc. The power a liquid 
film possesses of resisting complete expulsion from between two 
metallic surfaces may be regarded as due to two causes. In the first 
place, there is the inter facial action which causes oils to spread them- 
selves over metallic surfaces. Lord Rayleigh has shewn that when 
several liquids are brought into contact with a solid whose surface 
tension is greater than that of either of them, the conditions of equili- 
brium or of minimum potential energy are satisfied when the liquid 
of greatest surface tension is in contact with the solid, and the other 
liquids assume the order of their relative surface tensions. 

Water, however, although it has a greater surface tension, cannot, 
as a rule, displace oils, greases, fats, etc., from the surfaces of solids, 
for such substances are insoluble in water and insinuate themselves 
among the surface molecules or atoms of the solid, from which they are 
not easily separated. When the temperature is high, and the surfaces 
abrade each other, water is apt to displace the lubricant and seriously 
increase the friction coefficient. Water arising from condensation in 
the steam pipes, etc., interferes seriously with the proper lubrication 
of the valves, piston rings, etc., upon winch it is apt to be deposited. 

All lubricants have smaller surface tensions than the solids between 
which they are used, consequently they readily spread over and wet 
such surfaces. Were it not for this action it would be impossible to 
apply the lubricant in many of the ways now commonly employed. 

But in addition to this power of spreading over, or wetting, metallic 
surfaces, note must be taken of the power certain films possess of re- 
sisting disruption. For instance, a film of pure water ruptures almost 
immediately it forms. Such a film consists of two surfaces, in each 
of which the molecules are in a peculiar condition of stress. When 
the marginal molecules of the two surfaces meet, the film becomes 
locally weak and ruptures. The addition of a little soap, although it 
reduces the surface tension of the film by nearly one-half, causes it to 
persist and strongly resist rupture at points where it has become thin. 

Dr. Dupre and Lord Rayleigh proved that, at the moment of their 
formation, surfaces of soapy water have hardly less surface tension 
than pure water. The soap in the film is slowly evolved from the 
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interior, and not only alters its tension and prevent? it from ruptur- 
ing but also increases its viscosity. Clean water supplied to hydraulic 
machinery has little or no lubricating effect upon the hearing 
faces of valves and other moving parts, which when unlubri> 

le each other very rapidly. A little soap added to the water 
makes all the difference, The film reti feels 'soapy* 

between the finders, becomes more viscous, and keeps the mete 
each other, 

OB of the soap in the surface film, only 
f small quantity is required to secure the proper lubrication of 
hydnuli- val- 

Tli« reduced by the varying thicknesses of the permanent 

greasy films of different lubricants has already bee 
sperm oil and lard lie case of the static friction mfflci 

H its value in lubricating problems is most marked when the 
I is low and the loads high, detailed reference to it is convei 
at tl. 

Low Speed Lubrication. — O lubrication*— ~At high 

speedH we shall find that with some kinds of bearings the lubricant 
ed in considerable volumes between the opposing re- 
ly moving surfaces, and as it cannot escape freely a 
surfaces remain completely separated by b viscous film. At very low 

not the case, and if the load be too great 
the r. re of unsuitable materials, there is danger 

•earings that they will run hot. Static friction 
fiction effects are, indeed, of gn itance in 

>s, for maeluh generally to be started from rest 

with Me loads on the bearings. This is especially the case with 

the axles of railway vehicles, the journals of which require very care- 
ful lubrication :ice and a low coefficient of friction being of 
paramount importance. Turntable centres, the motion pins of slowly 
movi: <1 indeed the friction of the rubbing surfaces 
of all kin \vly moving machinery, is largely dependent upon 
the nature tinea or oiliness of the lubricant 
used, the viscosity of the oil, and the rate at which the viscosity decreases 
with rise of temperature. 

The in< of even smooth rubbing surfaces, although they 

may be separated over considerable areas by continuous films of the 
lubricant, often actually engage each other at numerous points. .U 
places abrasion occurs, often without serious results, fur the 
liberated heat can, in most cases, pass freely away, and the lubricating 
film is not permanently broken. Should, however, the materials 
forming the bearing surfaces be such that when forced into cos 

ly weld together, the surfaces may seize completely over 

areas. Therefore, although at all ordinary running speeds the 

ipends almost wholly up- ion of the lubricant, and very 

little, it at all, upon the nature of the surfaces in contact, it cannot be too 

clearly understood that, at lov tnd with heavy loads, this is by no 
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means the case, and that so much injury may he done at starting that, 
even if the surfaces do not seize, the liquid film cannot he properly 
formed between the uneven surfaces at high running speeds, and the 
friction, owing to the formation of a thin film of irregular thickness, 
becomes so great that undue heating results. 

The effects at low speeds are practically the same whether the 
surfaces be plain, cylindrical, or of double curvature. In this respect 
again the laws of low speed friction differ from those obtaining at high 
speeds, for at high speeds the magnitude of the coefficient depends upon 
the shape of the surfaces as well as upon the nature of the lubricant, etc. 

The great frictional resistance met with at low speeds is well 
known to all who have noticed heavy machinery running slowly, or 
who have seen hydraulic pumping engines start from rest. In the 
latter case, from the moment the engine commences to move it has 
to deal with the full load on all its bearings. In consequence of 
this all the faces are firmly pressed together, and the lubricating film, 
especially if it be a mineral oil, is not sufficiently thick to prevent 
even the minute irregularities of the surfaces from interlocking 
somewhat, and the bearings often 'groan' and the parts move by 
jerks. But as the speed increases this jerky motion decreases, the 
machinery 'groans' less and less, and finally moves easily and 
noiselessly. At the lower speed the lubrication is imperfect, but by 
the time the relative speeds of the rubbing surfaces have reached 10 
or 20 feet per minute, comparatively thick films of oil have been 
thrust by the motion of the shafts, etc., between them and their bear- 
ings, and the load is carried by oil films only. When this com- 
paratively thick film has formed and the faces either wholly or over 
the greater part of their surfaces have separated, the lubrication is 
said to be ' perfect.' 

Metal* for Bearing Surfaces. — Owing to the fact that at low 
speeds the opposing surfaces may actually abrade each other, it is 
customary to make the metal of one of the surfaces of some alloy 
which will not easily adhere to, and is much softer than, the opposing 
metal. Magnolia metal, Babbit's metal, various white metals, brasses 
and bronzes, are much in demand for bearing surfaces to work in 
contact with steel or iron. The effects resulting from the actual 
contact of the surfaces have been considered in Chapter I., and need 
not again be discussed here. However, the necessity of choosing 
suitable metals to run upon each other cannot be overrated. 

Influence of Viscosity. — The influence of the viscosity of the lubri- 
cant shews itself from the moment the surfaces commence to move 
relatively to each other, and becomes more and more marked as the 
speed increases. The effect upon the coefficient of friction at low speeds 
is in a great measure dependent upon the roughness of the surfaces 
and the disposition of the oil ways. The film maintained by the action 
of irregularities is often very thin indeed, and must not be confounded 
with the pressure film which forms at high speeds (see p. 64), and to 
which perfect lubrication is due. 
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Coefficient of Friction ai Low Speeds. — The friction is much less 
dependent upon the system of lubrication at low speeds than at higher 
speeds ; indeed, with a short chord of hearing surface, and therefore 
with heavy loads per square inch, the friction is approximately the 
same whether the pad, oil-bath, or other system of lubrication be 
adopted. The following results were obtained by Goodman * : — 

Table V. — Coefficient op Friction at a Speed of 7*8 Feet 
per Minute. 



System of Lubrication. 


Length of Chord of Bearing Surface (inches). 


2-0 


1-75 


1-5 


1*0 


05 


Coefficient* of Friction. 


Oil Bath . 
Saturated Pad . 
Oily Pad . 


0-92 
113 
1-87 


0*70 
0-92 
1-25 


0*64 
0*72 
094 


0*48 
0*48 
0*57 


0*47 
0-46 
0*51 



At one time it was supposed that there was always a sudden 
change in the value of the coefficient of friction when the surfaces 
in contact came relatively to rest. This was shewn to be erroneous 
by Profs. Jenkin and Ewing,t who found that although the 
frictions of rest and of motion have often very different values, in 
no instance was there a sudden or abrupt change in value, the 
kinetic coefficient gradually changing as the speed decreased until 
the static coefficient was reached. Their object was to measure the 
friction at such low velocities as 0*0002 feet per second, and from 
the results they obtained, we may safely conclude that the coefficient 
gradually changes when the velocity becomes small, so as to pass 
without discontinuity into the friction of rest. 

Subsequent experiment has amply confirmed this view. Still our 
knowledge of the variations which the kinetic friction undergoes 
with change of speed is by no means complete, few experiments 
having been carried out at very low velocities. Profs. Jenkin and 
Ewing employed very considerable loads, and their bearing surfaces 
were spindles resting upon flat surfaces. These conditions were 
found by Prof. Kimball to favour a coefficient decreasing continu- 
ously with increase of speed. 

Profs. Jenkin and Ewing state that in the case of brass, the co- 
efficient was found to be # 1 46 at all speeds from *0002 to 0064 feet 
per second. In the case of steel upon steel, however, the coefficient 
increased from '119 at *0002 feet per second to *13 at '0046 feet per 
second. This increase, and also a subsequent decrease of the co- 

* Goodroao, Friction and Lubrication of Cylindrical Journals (pamphlet), 
1890. p. 133. 
t Phil. Trans., 1877, p. 509. 
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efficient of friction with increasing speed, is much more clear! 
brought out by Prof. Kimball. He describes the contrivance 1 
used as follows : — 

" A shaft one inch in diameter was adjusted so that it could I 
driven at almost any rate between one revolution in two days and 
thousand in a minute. A hole was bored through a block of cat 
iron 3£"x3J"xl|" and carefully fitted to the shaft; rigid iroi 
rods were screwed into the top and bottom of this block, and adjuste 
so as to stand in a vertical line at right angles to the shaft Upoi 
these rods slotted weights could be placed, and thus the pressur 
upon the shaft and the centre of gravity of the brake could l> 
readily adjusted." 

The two following tables give the results obtained : — 

Table VI. 



Feet per Minute. 


Cm. pee Second. 


Relative Values of Co- 
efficient of Fkictiok. 


•00058 
•00225 
•00600 
•01100 


•000295 

•001144 

•002540 

: -005590 


037 
0*51 
073 
1-00 



These results shew a coefficient increasing as the velocity increases 

Table VII. 



Feet per Minute. 


Cm. pee Second. 


Relative Values of Co- 
efficient of Friction. 


6-0 

226 

50-4 

110*0 


305 
11*49 
25-61 
65*90 


1-00 
0-60 
0-46 
0-29 



These results, unlike the former, shew a coefficient decreasing 
the velocity increases. 

The view held that the coefficient of friction of lubricated bearini 
at very low speeds is often greater than the static coefficient is su 
ported by many other facts. Prof. Goodman's experiments (Tab 
VIII. p. 61) may be instanced. On the diagram, fig. 23, the curve 
shews the manner in which, in these experiments, the friction vari< 
at moderately low speeds with a load of 150 lbs. per square inch, 
the curve A were continued so as to cut the ordinate of no spee 
the static coefficient would be about 0*21. This is for bath lubricatii 
— with saturated pad lubrication (curve B) the static coefficio 
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would be about 02 7. These are high figures when compared with 
the static coefficients obtained by Thurston, which are given on 
diagram, fig. 22. It is probable that had Goodman experimented 
at much lower speeds, he would have found that the friction assumed 
a maximum at a comparatively low velocity, and then decreased again 
as the speed decreased. Wellington's results* were obtained by 
noting the resistance offered to the motion of wagons, and cannot 
be considered as accurate measures of journal friction at very low 
speeds, as the resistance was partly due to the rolling friction of the . 
wheels on the rails, vibration, etc. With lubricated journals it 
would appear that the coefficient of friction is at a maximum at some 
speed below one centimetre per second. Kimball t says that an 
increase in the pressure between the surfaces in contact changes 
the value of the maximum coefficient, and makes it correspond 
to a smaller velocity. The more yielding the materials between 
which the friction occurs, the higher is the velocity at which 
the maximum coefficient is found. Heating the bearings changes 

the position of the maximum 



Velocity * Friction 
coefficient 




Increasing Speed. 



coefficient to a higher velocity. 
In the vicinity of the maximum 
coefficient, the friction generally 
remains sensibly constant for a 
considerable range of velocities. 
With speeds above one centimetre 
per second, or thereabouts, a vis- 
cous lubricant being used, the fric- 
tion of journals falls rapidly until 
a velocity of about five centi- 
Fl0# 24# metres per second is reached. 

The friction then increases very 
slowly to the highest speeds at a rate depending upon the 
method of lubrication employed. This change of the coefficient of 
friction with increasing speed is shewn on the diagram, fig. 24. From 
a to b the curve rises, indicating that at the lowest speeds, below one 
centimetre per second, the coefficient of friction increases with 
increasing speed. With further increase of speed, the coefficient of 
friction rapidly decreases and reaches a minimum (at c), if the 
lubrication is good, at a speed of about five centimetres per second ; 
it then slowly increases again. With imperfect lubrication, or with 
plastic lubricants, the coefficient of friction falls less rapidly from b ; 
indeed, the speed may reach 100 feet per minute before tie lowest 
point c of the curve is reached. 

In Table IX. (p. 70), which will be fully described later, the value 
of a certain constant, C, leads to the belief that, as in the case of 
cylindrical surfaces, the lubrication of plain surfaces is also imperfect at 
low speeds and with heavy loads. When the value of C ceases to vary 
the pressure film has, there is every reason to believe, established itself. 
# Trans, Amer. Soc. Civ. Eng., 1884. t Amer. Journ. Science, 1876. 
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; a mean speed of about 60 feet per minute, and with greater 
> than 60 lbs. per square inch, the pressure film is partly crushed 
nd the friction becomes abnormally great, as shewn by the large 
increasing value of C. At 90 revolutions per minute, even 160 lbs. 
square inch is satisfactorily carried, but at speeds below 13 feet 
minute even with 20 lbs. per square inch the pressure film is not 
)erly formed and the friction is high. 

Table VIII.* — Changes in Value of the Coefficient of 
Friction with Increasing Speed. 



Speed. 


Coefficient* of Friction (mi) under a Pressure of 


feet per Minute. 


50 lbs. per sq. in. 


75 lbs. per sq. in. 


150 lbs. per sq. in. 


5 




•0025 


•1145 


10 


•0009 


•0007 


•0250 


15 


•0012 


•0008 


•0051 


20 


•0014 


•0009 


•0034 


25 


•0017 


•0011 


•0027 


30 


•0021 


•0013 


•0023 


40 


•0026 


•0016 


•0019 


50 


•0032 


•0018 


•0017 


70 


•0042 


•0024 


•0017 


90 


•0053 


•0030 


•0020 


110 


•0064 


•0036 


•0024 


130 


•0076 


•0042 


•0029 


150 


•0086 


•0048 


•0035 


170 


•0096 


•0054 


•0041 


190 


•0106 


•0060 


•0047 



a the case of a journal the high coefficient of friction at low speeds 
lso very striking, especially when the load per square inch is 
dderable. Table VIII. shews the changes in the value of ftj with 
easing speed when the pressure is 150 lbs., 75 lbs., and 50 lbs. 
square inch, and the lubrication ' perfect.' With the smaller load, 
i at such a speed as 10 feet per minute, the coefficient of friction 
nail. At 75 lbs. per square inch the friction is at a minimum he- 
rn 5 and 10 feet per minute, whilst at 150 lbs. per square inch 
minimum frictional resistance is not reached until a speed of 
it 40 feet per minute is attained. In other words, the lubrication, 
spt with small loads, is imperfect at low speeds, a high speed being 
tired to form a sustaining liquid pressure film. 
Ithough the above statements concerning the changes the low 
A friction undergoes with slight changes of speed are doubtless 
ect for certain conditions, the effects produced by changes in the 
osity and other properties of the lubricant, the method of its ap- 
Thcse figures have been obtained by plotting the values given in Goodman's 
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>aratively high f rictional resistances, for the films are then exceedingly 
thin, and are not increased much by the action above described. 

Lubrication with Plastic Solids. — For a number of years ' greases ' 
were almost exclusively used for railway axles. They are generally 
emulsions of water, tallow, and some vegetable oil, with sufficient 
alkali to neutralize the acids and form soaps. Such axle greases are 
plastic rather than viscous compounds, and require the exertion of 
a certain definite pressure to cause them to flow. Owing to this 
fact they cannot be completely squeezed out from between the brass 
and its bearing. They are, on the other hand, readily forced in a; 
the higher velocities. Although offering much more resistance to 
motion at high speeds than does a lubricant of low viscosity, the 
much greater thickness of the plastic film, when the speed is low, 
makes the static friction less than is given by most, if not all, truly 
viscous fluids. On this account, although the friction of a rapidly 
moving train lubricated by oil may be much less than when plastic 
greases are used, a much greater force is required to set the coaches 
in motion. Greases have consequently maintained their position as 
lubricants for low speed goods trains on most lines. 

Mr. T. G. Clayton* has made an exhaustive series of experiments 
to ascertain the friction of a number of coaches belonging to various 
railway companies with a view to measuring the static friction when 
using oil and grease respectively as lubricants. He found that on 
the average a tractive force of 12*62 lbs. per ton was required to 
move a coach when lubricated with grease, whereas a force of 18*54 lbs. 
per ton was required when oil was used. 

To keep the rubbing surfaces of bearings from coming into contact, 
owing to the expulsion of the lubricant by the load, when their 
relative velocities are small, oils, waxes, and greases containing solid 
lubricants are much more extensively used than are solids alone. As 
a rule, the viscous or plastic matrix acts as a carrier for the solid 
lubricant, and enables it to be more readily applied to the rubbing 
surface. It is placed in such a position, with regard to the bearing, 
that should the liquid lubricant be rubbed out, the heating arising 
from the increased friction melts the matrix, and the mixture, con- 
taining the solid, immediately runs on to the dry surface. 

Such compounds are mostly suitable for heavy pressures and low 
speeds. At high speeds their frictional coefficient is very great, and 
the heating and loss of power they cause is proportionately serious. 
Their use is therefore almost entirely restricted to bearings which are 
only in motion occasionally, or to such bearings as the journals of 
tip wagons, or the axles and spindles of hauling machinery. The 
solid portion of the lubricant finds its way into the surface irregu- 
larities and fills them up, thus increasing their smoothness. It also 
prevents the metals from welding to each other, at points where they 
are brought into contact by excessive pressure. Solid lubricants are 

* Lubrication and Traction relating to Bailvcay Carriages (pamphlet). William 
Clowes k Sons, 1892. 
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often mixed with liquid ones and used for rubbing surfaces which 
have not properly worn themselves true, for although the coefficient 
of friction may be high, and the bearings become heated, the solid 
lubricant prevents the injury that would otherwise result from the 
decreased viscosity of the liquid. Thus graphite, soapstone, and 
paraffin wax melted together and worked, while hot, into a plaited 
rope of cotton, jute or hemp, constitute an excellent packing for 
piston rod and other glands. The wax keeps the packing soft and 
pliable, the soapstone and graphite serve to make it durable, whilst 
the fibrous material binds the whole together and gives it a form 
convenient for the user. 

High Speed Lubrication. — Lul/ricating Film. — At a speed depend- 
ing greatly upon the load and the nature of the lubricant, the rubbing 
surfaces commence to separate, and a comparatively thick pressure 
film forms between them and carries the load. The extent to which 
the thickness of this film increases with the speed varies not only 
according to the load, the viscosity of the lubricant, the area of the 
bearing, and the speed, but also according to the shape of the sur- 
faces and the relative positions they assume. As illustrations of the 
conditions under which pressure films are produced, and those which 
determine their thickness, it will be convenient first to consider 
the case of plane parallel surfaces, then of plane surfaces inclined 
to each other, and finally of cylindrical surfaces such as those of 
journals. 

Lubrication of Plane Parallel Surfaces* — Although neither a very 
common form of bearing nor one that will carry very great loads, the 
conditions which obtain when plane parallel surfaces are pressed to- 
gether, and caused to slide over each other, are of considerable interest, 
for the laws which govern the frictional resistance in such cases serve 
to illustrate very clearly the mode in which viscous substances reduce 
the friction between relatively moving bodies. 

The subject was one that engaged the close attention of Mr. Beau- 
champ Tower. Indeed, had it not been for his experimental work, to 
which reference has already been made, we should have been with- 
out the data upon which to found a hydro-dynamical theory. Of the 
experiments made by Mr. Tower those on pivot friction have most 
bearing upon the subject in hand. 

In these experiments, faces which were free to move to or from 
each other were constrained to remain parallel. The pivot experi- 
mented with was of steel, had a perfectly flat end 3 inches in 
diameter, and was pressed against a manganese bronze bearing in such 
a manner that the faces, although they could separate, were always 
parallel to one another. The exact form of bearing and the details 
of the machine employed are given in another place. The lubricant 
was supplied through a hole in the centre of the bearing, and was 
distributed by two radial grooves extending from the centre hole to 
within a ^ of an inch of the periphery of the bearing surface. In this 
* Deeley and Wolff, The Engineer, 10th January 1896, p. 25. 
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way the bearing was always kept flooded with oil, which remained 
dean and bright during the experiments, indicating that no abrasive 
action was taking place. In other words, the lubrication was ' perfect,' 
£.«., there was a comparatively thick film of oil maintained under 
pleasure between the surfaces, which were thus prevented from touch- 
ing each other. To the viscous action of this oU film the friction was 
wholly due, being smaller the thicker the film, and greater the higher 
the speed. However, with each change of speed or load a correspond- 
ing change in the thickness of the film took place, and, therefore, of 
the frictional resistance also. 

Fig. 26 illustrates the action of such a film. It shews two 
parallel planes of unlimited length and breadth separated by a viscous 
film of thickness r v The upper plane CD is supposed to be fixed 




Fio. 26. 



Fio. 27. 



while the lower plane AB moves in the direction of the arrow with a 
-velocity v v By the definition of viscosity (p. 19) there will be a 
tangential resistance to motion. 



/-*? 



(2) 



rj being the viscosity of the liquid, 
the total resistance to motion 

F = 



When one plane has an area A, 



r,A 



(3) 



The tangential motion varies uniformly from v x at AB to nil at 
CD. Thus if the length FQ be taken to represent v v then the 
length of the line PN will represent the velocity at P. 

When first the planes are set in motion the inertia of the viscous 
liquid prevents it from at once assuming this condition of flow, but in 
a comparatively short period all irregularities of motion subside, and 
the velocity of the liquid at any plane is strictly proportional to its 
distance from CD. 

Inertia effects also shew themselves when one plane is of finite 
extent. They tend to throw the surfaces apart and maintain a film of 
the liquid between them. In fig. 27 the surface CD is supposed to 
be of limited length both parallel with and in a direction perpen- 
dicular to the paper. AB is flooded with oil, which when approaching, 
but at some distance from D, is moving at the speed i\ of the plane 
AB. Just before reaching D .a relative motion or distortion of the 
fluid is produced. At D, the oil in actual contact with the fixed plane 

E 



so ic3a:riT:os A5D ixbricasts. 

is is r»ss. md she rinafr«L»r ? nrsaead of passing along between the 
surfaces in such a man^T shas ^u rate of distortion is everywhere 
she same, as in iz. i»5, a eaised by r& own inertia to enter the space 
between she planes, and so dow in such a wmj that — as shewn in 
so. 17 — she rase <:f dssordon becomes mzck greater near the plane CD 
than near she plane JLB : wLfls* as die end C the rate of distortion 
of she libricairs. in rircii* of is* visoosisy, mar have become approxi- 
maselj she same as ill cLmes. Usler these conditions, therefore, the 
l^ies EG are 'izmxL she rase of distortion is greater near CD than 
near AB. and she voIttiiTt passed as each section are proportional to the 
areas enclcsed by EFG. Is will be noticed that these areas are larger 
as she entrance D than as she exis C. port of the excess of liquid 
escaping laserally owins so she eomporasively small width of the plane 
CE» in a direcsicn perpendicular to the surface of the paper. When 
the velocity wish which the lower plane moves is very small, the 
volim* carried in between the surfaces is nearly proportional to 

EF *~^F 

- * ^ " , and as she opposite erd of the plane the same volume is 

carried «>cv. bus as the speed increases the volume introduced 
may exceed the vol'-ime carried out at C by an amount almost 

_- * • rr «t EF . GF 

proportional to EF . GF :> 

EF.GF 



a: which :he excess remains unaltered, however much the speed may 
1-* increased. 

When the p'.Jines are of considerable area, and are close together, 
the viscosity of the oil powerfully resists its escape at all points, and at 
the same time, by tending to make the rates of distortion everywhere 
equal, causes it to accumulate and force the planes apart until the 
forces are iu equilibrium. This action is going on at all points between 
the surfaces when their length, measured in the direction of motion, 
is not very great. The force tending to throw the planes apart is, 
therefore, distributed over them much as is the force resisting the 
approach of two surfaces separated by a viscous medium. 

In this way when the opposing surfaces are constrained to remain 
parallel, a pressure film is maintained between them, and a consider- 
able load may be supported by CD so long as AB is in rapid motion. 
The resistance to the motion of the lower plane is then due wholly to 
the viscosity of the liquid film. It is, however, somewhat in excess 

r 4 
of the value obtained by the formula F = i/- 1 — , for owing to the ex- 

r ° 
cess of oil introduced at IX the conditions of motion are not exactly 

those shewn in fig. 26. IS'o correction for this small difference will 

be attempted. 

We will in the first place deal with the conditions determining the 

volume V, introduced owing to the relative motion of the surfaces and 
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the density of the liquid. The viscous liquid resting upon AB at 

points distant from the surface CD is moving with a velocity r r 

At the point D» when the velocity is considerable, the liquid is thrown 

against the opening between the surfaces, much in the same way as 

water from the combining cone of an injector is thrown against the 

orifice of the delivery cone. Its power of entering the opening may 

be regarded as proportional to the density of the liquid and to the 

square of the velocity. It is almost independent of the viscosity ; for 

the entrance of the liquid is as much opposed by its adherence to CD 

as it is assisted by its adherence to AB. 

No doubt, at low speeds, as the load urging the faces together is 
increased, the volume entering decreases more rapidly than does the 
distance separating the rubbing surfaces, until finally the marginal 
pressure of the imprisoned film prevents the liquid from entering at 
all, and the faces close together ; but when the speed is great and the 
load is increased, there is reason to suppose that the liquid fails quite 
suddenly to get between the surfaces, which thereupon 'seize.' We 
may therefore assume that, except at low speeds, the volume entering 
is approximately proportional to 

V o=V, 

r being the distance between the surfaces, and b the length of the 
orifice at D. 

In the case of a rectangular bearing, the viscous liquid is introduced 
along one side and escapes along the margin of the other three, and 
the larger the volume introduced, the more the bearing surfaces part 
in order to allow it to escape. 

The conditions attending the escape of the fluid may, therefore, be 
well illustrated by taking the case of parallel surfaces approaching 
each other without tangential 
motion (fig. 28).* The fluid has 
to be squeezed out from between 
the surfaces, and since there is 
no motion of the fluid in con- 
tact with the surfaces, the hori- 
zontal velocity will be greatest 
half way between them, noth- 
ing at O (the middle of CD), 

and greatest at the ends. This p IG 23. 

is for planes of infinite length 
in a direction perpendicular to the plane of the paper. If in a 
certain state of motion — shewn by the dotted lines in fig. 28 — the 
space between AB and CD be divided into ten equal parts by vertical 
lines, and if those lines be supposed to move with the fluid, they will 
shortly after assume the positions on the curved lines, in which the 
areas included between each pair of curved lines is the same as in the 
dotted figure. If it were not for the inertia of the fluid, the lines 
* Osborne Reynolds, Phil. Trans. Royal Society, 188a, p. 173. 
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would be absolute, instead of approximate, parabolas. It can be at 
once seen that the curved lines indicate the rates of distortion at 
different points, and, as force is required to maintain the rate of 
distortion at each plane constant, a vertical pressure W must be 
applied to force the liquid out The pressure will be greatest at 0, 
and will fall off towards the ends C and D. 

In the case of an ellipse of semi-axes a and 6, it follows from Professor 
Osborne Reynolds' equations that the velocity of normal approach is pro- 

port^ io*aaag±QL 

arbnf 
Therefore the escaping volume may be written 

v,-iaqjg±B ( 4) 

We thus obtain expressions for the volume V of the viscous liquid intro- 
duced by the motion of the bearing, and also for the motion V t of the 
liquid pressed out by the weight on the brass. In order that the conditions 
of flow may remain constant, tnese two values must be equal, consequently 

V-Vi (5) 

- v ,-ljS^ .... (6) 

and V=^^ (7) 

— *— -*i i .... (8) 

The left-hand term of this equation gives us the value of F 3 required to 
maintain the plates in steady motion, since F (equation 1) is inversely pro- 
portional to r and directly proportional to tyja. 

... Foe J W** 1 * .... (9) 

which in the case of a circle, when b= a, resolves itself into 

Foe N /^\V6^ (10) 

and as the coefficient of friction (^ is equal to the resistance F divided by 
the total load 

Mi=W =c \/w" ' (U) 

The values of F and the coefficient of friction will, therefore, vary 
with the shape of the surface boundary, but will be constant for sur- 
faces of similar shapes. Hence in the case of the circle, ellipse, and 
rectangle, we see that, the proportions being unaltered, and the 
premises correct, the friction varies as the fourth root of the area of 
the surfaces. 

Experiment appears to bear out this statement, for it has been 
found that the coefficient of friction of a pivot or plane surface is 
affected much less by the size of the bearing than by the velocity at 
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which it inns or by the load which it carries, the pressure film being 
unbroken. 

Although in Mr. Tower's experiments every care was taken to 
measure the friction between the surfaces, and to keep them in good 
condition, no attempt was made to ascertain the rise of temperature 
produced by different speeds and loads, or the value of the viscosity 
of the oil used. Some resistance to motion must also have been 
offered by the oil film surrounding the cylindrical portion of the 
footstep, but as the clearance is not given, and we do not know the. 
riscosity of the oil, its magnitude cannot be calculated. 

We are consequently unable to compare one experimental result 
quite satisfactorily with another. 

Assuming that the oil did not vary very much during the trials, 
and that the cylindrical footstep was a moderately loose fit in the 
brass, we may write from (11) 

C==F */— .... (12) 
VNW v ' 

N being the number of revolutions of the footstep, and C a constant. 

In Table IX. are given the values of C, calculated from Mr. 
Beauchamp Tower's experimental results, the mean speeds of the 
footstep, the loads, and the fractional resistances. At low speeds G 
has a high value which increases steadily as the load increases, 
shewing that the volume of oil entering is not proportional to 
EF • GF, and is not keeping the surfaces properly apart. At higher 
speeds, however, G actually decreases somewhat until the heaviest 
loads are reached. The decrease is probably brought about by the 
heating effect of the friction decreasing the viscosity of the lubricant, 
or by the fact that the force measured by Mr. Beauchamp Tower 
was partly due to the viscous resistance of the oil film surrounding 
the cylindrical portion of the footstep. In all cases the highest loads 
cause a small increase in the value of G, in spite of the fact that the 
viscosity of the lubricant must have been lowered by the heat 
generated by friction. Under these conditions the film would be 
thin, and the volume of liquid introduced by its inertia, somewhat 
less than when r is large. 

Lubrication of Inclined Plane Surfaces. — As a rule, even when the 
rubbing surfaces are plane, the opposing 'surfaces are free to adjust 
themselves according to the position of the load they carry and the 
distribution of the pressure of the film keeping them apart. The 
conditions under which the lubricant acts then differ somewhat from 
the case of plane parallel surfaces. In the latter case it is to the in- 
ertia and viscosity of the lubricant that we must attribute the presence 
of the pressure film ; but when the faces are free to become inclined, 
the liquid wedges itself between them and forces them apart. The 
conditions then obtaining have been carefully considered by Prof. 
Osborne Reynolds, and merit close attention, as it is to this action 
that he ascribes the great carrying power of cylindrical bearings. 
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Fig. 29. 



As to the frictional resistance and carrying power of plane surfaces 
nch as engine slide blocks which become slightly inclined to each of 
the faces they run upon, no experimental results have yet been 
obtained which can be compared as regards accuracy with Mr. 
Beanchamp Tower's tests of 
pivot bearings. 

In fig. 29 AB is a plane 
wrface of unlimited length 
and breadth moving in the 
direction of the arrow beneath 
the inclined surface CD, which 
is of limited length and very 
limited breadth, in a direction 
perpendicular to the paper. 
Omitting the .effects which 
would be produced by the 
inertia of the liquid, the conditions of flow are as follow: — 

At the lower edge of D where the liquid enters between the sur- 

FF CF 
faces, the volume introduced is proportional to ^—^ 

However, owing to the inclination of the surfaces, the volume passed 

out at the edge C is only proportional to - 1 — * " . 

When the surface CD is of considerable area and the planes are very 
close together, the excess of oil or other lubricating fluid introduced 
at the edge D must escape ; but this is opposed at all points by the 
viscosity of the liquid. The oil, therefore, tends to accumulate, and 
a pressure is set up which forces the surfaces apart until the load is 
sufficient to prevent further recession. In this respect the action is 
similar to that we have already described as resulting from the inertia 
of the entering fluid. 

According to Prof. Osborne Reynolds the effect reaches a maxi- 
mum for bearings of such dimensions as are used in practice when 
EF=2'2 EjFp and owing to the greater freedom with which the 
lubricant can escape at the end D and the sides near it, the point of 
maximum pressure p is somewhat nearer C than D. The curve at the 
top of the figure indicates, approximately, the pressure at different points 
of such a film, tending to force the surfaces apart. The direction in 
which the load acts, normal to AB, does not necessarily coincide with 
p, but with the centre of the area enclosed by the curve and base line 
of the pressure ordinates. 

The pressure exerted by the film must always be equal to the 
resultant external force which, neglecting the obliquity of CD, is 
perpendicular to AB, and tends to force the surfaces together. When 
the surfaces are free to assume any position, the pressure of the film, 
inclination of surfaces, etc., adjust themselves to suit the load and 
its point of application, and the nearer the surfaces are caused to 
approach each other the greater is the friction and consequent pressure 
for the same velocity. 
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Lmirriasfrm -if C^n»irvf*T Sar^a.-?*. — The eyhndrieal is by far the 
nces ccmsiTc: fcni rf hesca^ mr^trt. sad is the one with which most 
of tin* ex^snasLS reccraed hive hem Bade. Until Mr. Tower's 
WRXJ5S- v?r» rcicscud C3je w reallx brown concerning the effects 
prarzeed by Taryi=x tc* areshod cf aupfijing the lubricant. He 
shewed thss axarj cf the methods in nse were Terj imperfect, the oil 
htoeg az»l c£L wro oi-er. cztsst-z across those portions of the surfaces 
where the pressure ol the £1el sbccjd be at its greatest* and allowing 
the i^rccazit to escape. With properlT-shaped brasses resting upon 
well I^hcKasec ^;cr".v.s be scoeeeced in obtaining results which Prof. 
C%£©c:e Rey~5:l'Is de^oz^srased were in accordance with hydro- 
d yn a r^ aL, cheery. The ne^.cd of applying the lubricant, and the 
cachire with which he exrennented are described in another chapter. 
A brass which Lis l**:: running for some time upon a lubricated 
cylindrical journal wears in sach a war that the radius is always 
slightly greawr than that of the journal When forced into contact, 
therefore, the brass and journal do not touch over the whole of their 
surfaces* On the other hand, when the journal is in rapid motion, 
and the weight on the brass is not too great, the surfaces are separated 
from each other by a con;inuous oil tilm. Fig. 30 shews a section 
through s^ch a brass and journal, the latter rotating in the direction of 
the arrow, the surfaces being respectively AB and CD. 

The curved surfaces AB and CD have their centres at I and J, a line 

* It m^st be clearly borne in mind that the load carried may be modified very 
largely by varying the direction in which it acts, for the inclination of the 
surfaces varies according to the distribution of the pressure, etc Both in the 
ease of inclined surfaces and parallel surfaces inertia effects, previously con- 
sidered, must shew themselves. The wedging and the inertia actions, how- 
ever, as will be seen from equations (15) and (16), have similar effect* upon the 
relationships between the coefficient of friction, the speed, the load, and the 
yiscosity ; but the relationships between these values and the area and shape of 
the bearing do not appear to be quite similar. Still it is clear that, as is the 
ease with contaminated and clean surfaces, the coefficient of friction of plane 
parallel surfaces is only slightly affected by variations in the area of the snrfacts 
ni contact 
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drawn through which indicates the position of nearest approach "EJ?. 
Between EF and E*F the distance separating the surfaces decreases, 
the triangle EjFG is consequently smaller than EFG, and during its 
passage the lubricant is compressed and tends to force the surfaces 
apart. As we go from EjFG towards C the faces recede, and were it 
not for the flow of oil from the portion where the liquid undergoes 
compression, the pressure might be, and, indeed, sometimes does 
become, negative. 

When there is no load the conditions are as shewn in fig. 31. 
Here the vertical pressures are shewn by the curved lines on the top 
of the figure. On the right-hand or * on ' side the pressure is positive, 
whilst on the left-hand or ' off ' side it is negative, and the vertical com- 




^ 



Fio. 30. Fig. 31. 

ponents of these pressures balance each other. On the other hand, 
the horizontal component of the pressures to the left and right, 
indicated by the curves at the sides, will both act on the brass to the 
right, and as these will increase as the surfaces approach, the distance 
corresponding to JI (fig. 30) must be exactly such that these com- 
ponents balance the resultant friction. 

The thickness of the film at different points, and the variations of 
the position of E X F with different loads, have been worked out 
mathematically by Prof. Osborne Reynolds, whose exact equations 
give results which agree very closely with the experimentally ascer- 
tained facts. For the full treatment of the subject the original papers 
should be consulted, as the results only can be given here. 

Effects of Load and Speed. — In the case of plane surfaces, whether 
parallel or inclined, the frictional resistance is proportional to the 
square root of the load. In the case of cylindrical surfaces, however, 
the rubbing faces, owing to their curvature, cannot separate suffi- 
ciently, whilst still sustaining a load, to give this result, for when 
the load is increased £ X F decreases, the lubricant is prevented from 
escaping on all sides as freely as before, and EF, i.e., the distance 
between the brass and journal on the on side, increases. Consequently, 
as the load is increased, the positive vertical component to the right 
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increases (fig. 31) and overbalances the negative component to the 
left, which decreases, and E 1 F, the point of nearest approach, moves to 
the left until the load reaches a particular value : above this load the 
point of nearest approach moves back towards O. During this change 
in the position of £ 1 F, the thickness of the film at different points 
alters in such a way that the viscous resistance which it offers to the 
motion of the journal remains nearly constant; and the friction is 
practically independent of the load when the speed is sufficient to 
maintain a pressure film between the two surfaces. 

According to this reasoning the friction appears to be, ceteris paribus, 
approximately proportional to the area of the contact surfaces, the 
speed of the journal, and the viscosity of the lubricant, and is nearly 
independent of the load. 

Before the journal commences to rotate, the lubricant being a 
viscous one, the load will have brought the brass into contact with 
the former at O ; but at the ends it is separated by an appreciable 
space from the journal. At starting, and at very low speeds, the 
surfaces being in contact, there is friction of solid upon solid, the 
coefficient of friction is large, and the surfaces undergo some abrasion, 
but as the velocity of the journal increases, the surfaces gradually 
separate, more particularly if there be a plentiful supply of lubricant. 
This thickening of the film, as we have seen, can only take place to a 
limited extent owing to the curvature of the surfaces, so that with in- 
creasing speed the resistance becomes more nearly proportional to the 
speed and less affected by the load. At the outset, as with plane 
surfaces, when the oil film has scarcely established itself, the friction, 
ceteris paribus, varies with changes of load. However, owing to the 
curvature of the surfaces, the film very quickly reaches a maximum 
thickness. 



Table X.— Bath op Olive Oil. Temperature 90° F. 
Journal, 4 in. wide x 6 in. long. Chord of Arc of contact =3*92 in. 





Nominal Frictional Resistance Per Sq. In. of Bearing. 


•Nominal Load. 
Lbs. per sq. In. 




105 ft. 


157 ft. 


209 ft. 


282 ft. 


814 ft. 1 866 ft. 


419 ft. 


471ft. 




perMin. 


per Min. 


perMin. 


per Mia 


perMin. 


perMin. 


per Min. 


per Min. 


520 




•416 


•520 


•624 


•675 


•728 


•779 


•883 


468 


... 


•514 


•607 


•654 


•701 


•794 


•841 


•935 


415 


... 


•498 


•580 


•622 


•705 


•787 


•870 


•995 


363 


... 


•472 


•580 


•616 


•689 


•725 


•798 


•907 


310 


... 


•464 


•526 


•588 


'650 


•680 


•742 


•835 


258 


•361 


•438 


•515 


•592 


•644 


•669 


•747 


•798 


205 


•368 


•430 


•512 


•572 


•613 


•675 


•736 


•818 


153 


•351 


•458 


•535 


•611 


•672 


•718 


•764 


•871 


100 


•360 


•450 


•550 


•630 


•690 


•770 


•820 


•890 



* The nominal load per square inch is the total load divided by (4 x 6). 
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The above table gives tbe results obtained by Mr. Beauchamp 
Tower with perfect, i.e., bath lubrication. 

The loads range from 100 lbs. to 520 lbs. per square inch, nominal, 
and yet for each speed the frictional resistance is nearly a constant. 
Above speeds of 100 feet per minute low speed effects do not 
shew themselves, and the resistance will be seen to be nearly pro- 
portional to the square root of the speed instead of to the actual speed. 
Prof. Osborne Reynolds considers this as due to the fact that when the 
speed is increased the rate of shear which the film undergoes is like- 
wise increased ; the film becomes heated, its viscosity is decreased and 
less resistance to motion is encountered. 

Prof. John Goodman has also published some results which ho 
obtained with different speeds and different methods of lubrication, 
and which are given in the following table : — 

Table XI.— Resistance at Different Speeds. 
Load, 300 lbe. Temperature, 40° C. Bras*, 5 in. x 4 in. 



Oil-Bath. 


Saturated Pad. 


Oily Pad. 


Feet per Min. 


Coefficient of 
Friction, mi- 


Feet per Min. 


Coefficient of 
Friction, it\. 


Feet per Min. 


Coefficient of 
Friction, m. 


2*6 

7*8 

no 

157 
571 
67*0 
103-7 
122-0 
1466 
1649 
183*2 

i 


•1610 
•0630 
•0140 
0052 
•0017 
•0017 
•0021 
•0028 
•0035 
•0038 
•0042 


4*70 

7*80 

1361 

3820 

88-50 

111*50 

12200 

14970 

183-20 

21360 


'1610 
•0910 
0700 
•0021 
•0024 
•0028 
•0035 
•0063 
•0098 
•0126 


5*2 

78 

11*0 

173 

272 

613 

88-5 

122-0 

1610 

183-0 

2094 

2429 


•1540 
0560 

•0021 
•0021 
•0028 
•0042 
•0070 
•0091 
•0126 
•0168 
•0217 
•0252 



At the speeds printed in heavy type in this table the friction is high, 
owing to the pressure film not having been properly formed. At 
higher speeds, however, as found by Osborne Reynolds, the friction is 
approximately proportional to the square root of the speed. 

By means of a pressure gauge and of holes drilled in the brasses, 
Mr. Tower was able to measure the pressure of the oil film at various 
points of the surface. 

Fig. 32 shews the exact curve of pressure calculated by Prof. 
Osborne Reynolds under conditions corresponding very closely with 
those in one of Mr. Tower's experiments in which, by means of a 
pressure gauge, he actually measured the pressure of the oil at several 
points in the film. The observed pressures as plotted by Mr. Tower 
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are shewn in figs. 33 and 34. In this experiment, when the load was 
100 lbs. per square inch, and the temperature was 70°, the thickness 
of the film at various points must, according to Prof. Oshorne 
Reynolds, have heen as follows : 

Radius of brass - radius of journal = *00077 ins. 
Ei F (Point of nearest approach) =-000375 „ 
AngleOJF . . . =48°. 

The possible motion of the fluid in a direction perpendicular to 
that of the motion and parallel with the axis of the journal has not 
yet been referred to. In practice, the length of brasses is necessarily 
limited so that the oil can escape laterally. Such an escape will ob- 




600 





Fig. 32. 



Fig. 33. 



Fig. 34. 



viously prevent the pressure of the oil film from reaching its full 
height, except at considerable distances from the ends of the brass, 
and will cause it to fall to zero at the extreme ends. 

The lubricant does not, therefore, all flow in a direction parallel 
with the direction of motion, except at the centre, but follows 
paths curved from the centre of the brass, some reaching the sides 
when it escapes. 

This is shewn by Mr. Tower, who measured the pressure at several 
points along the brass in a line through O, and found it follow the 
curves of pressure shewn in fig. 33, which correspond to those 
which might be expected to result from an escape of oil at the free 
ends. 

Effects of Viscosity. — Just as, owing to the fact that the lubricating 
film can only thicken to an extent depending upon the difference 
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between the radius of the brass and that of the journal, the factional 
resistance is practically independent of the load, so the friction of a 
cylindrical journal should be proportional to the viscosity of the 
lubricant. 

The effects of viscosity have been experimentally determined by 
Mr. Beauchamp Tower for various speeds above that at which the 
pressure film is fully formed. The lubricant used was lard oil, the 
viscosity of which was varied by heating the journal and brass. The) 
viscosity of the lard oil used was not specified, but Prof. J. 
Goodman gives its probable comparative values at the temperatures* 
stated. 

Table XII. is taken from Mr. Tower's paper, with the addition 
of a column giving the comparative viscosities. The experimental 
results will be seen to be entirely in agreement with theory, the 
friction at each speed and temperature being as nearly proportionaL 
to the viscosity as can be expected when the experimental difficulties 
to be overcome are borne in mind. With increasing speed, however, 
the temperature of the oil film is raised more and more above that of 
the metallic surfaces, and the friction ceases to be proportional to the 
speed. 

In the experiments on the pivot bearing it was pointed out that 
the slight disagreement between experiment and theory might be 
accounted for by the heating of the film. With parallel surfaces the 
friction varies, only as the square root of the viscosity. No very 
marked effect was therefore to be anticipated from this heating, 
especially as the speeds were comparatively low. But in the case 
of a journal where the friction is proportional to the viscosity, the 
effect might be very marked. Indeed, there are grounds for believ- 
ing that, as Prof. Osborne Reynolds contends, the reason why the 
resistance does not, in the case of a journal, increase at a rate pro- 
portional to the speed is that the rapid distortion which the oil suffers, 
heats it and lowers its viscosity. 

Change of viscosity also has a considerable effect upon the carrying 
power. Table XIII., by Prof. J. Goodman, shews the effect 
which a change in the viscosity, brought about by rise of tempera- 
ture, has upon the frictional resistance and carrying power of the 
journal, the speed being 7*8 feet per minute. 

The actual viscosities at the temperatures of the experiments were 
not determined. They must, however, have been greatest at the 
lower temperatures, and vice versa. Although the speed is low, there 
is, on the whole, a reduction of the friction as the temperature 
increases, when the loads are small, but not so marked a change as 
might be expected. It will also be noticed that the greater the 
viscosity, the greater the load which the bearing will carry without 
undue friction resulting from the failure of the pressure film to form 
properly. In this table, the loads between which the coefficient of 
friction has a minimum value have been printed in heavy type. 

The reduction in the frictional resistance which results from the 
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lowering of the viscosity by the heating of the lubricating film is by 
no means advantageous, and accounts in a great measure for the 
failure of bearings to carry heavy loads at high speeds. The heating 
i8mo8t severe when the film is thinnest, i.e., at the point EjF, fig. 30. 
Reduced viscosity at this point greatly lowers the carrying power of 
the brass. Again, if from any cause the bearing should become warm, 
mineral oils become very fluid and cease to lubricate properly. 

Effects of Area. — With parallel plane surfaces it was found that 
the friction does not increase much when the area is increased, for an 
increase of area brings about an increase in the thickness of the film. 
Eut here again a cylindrical form of bearing gives a different result, 

Table XIII.— Oil-Bath Lubrication. 
Speed, 7*8 feet per minute. 





| Temperature 40". 


SO*. 


20*. 


load. 
50 


Ml- 


F. 


«• 


F. 


Ml- 


F. 


0061 


•30 


•0080 


•40 


•0084 


-42 


100 


•0038 


•38 


•0041 


•41 


•0042 


•42 


150 


•0027 


•40 


•0028 


•42 


•0028 


•42 


2(X) 


•0020 


•40 


•0021 


•42 


•0021 


•42 


250 


0016 


•40 


•0021 


•52 


•0019 


•47 


300 


•0017 


•51 


•0017 


•51 


•0016 


•4« 


350 


•0021 


1*22 


0015 


•52 


•0014 


•49 


400 


•0029 


116 


•0016 


•64 


0013 


•52 


450 


•0042 


189 


•0019 


•85 


•0013 


•58 


500 


•0189 


945 


•0044 


220 


•0029 


1-45 j 


550 


•0515 


2833 


•0126 


6*93 


•0764 


4203 


560 


•0562 


31-48 


•0142 


795 


•0937 


5247 


580 


•0724 


42 00 


•0253 


1468 


•1086 


63-00 



the fractional resistance being more nearly proportional to the area 
owing to the fact that when the speed is moderately high the film 
has a fairly constant effective thickness under all loads. 

Table XIV., giving the results of some experiments by Prof. J. Good- 
man, brings this out very clearly. The frictional resistance at different 
loads does not vary very much. On the other hand, the long, narrow 
brass offers a very much smaller resistance to the motion of the 
journal than does the brass having a chord of contact measuring 2 
inches. The area of the surfaces is in all cases proportional to the 
length of the arc of contact which is given for each size of brass. If 
the film were of even thickness throughout the length of the arc the 
friction would be simply proportional to its length. The film, how- 
ever, is much thicker on the ' on ' side where the lubricant enters 
than it is nearer the centre of the brass. The resistances offered to 
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the motion of the journal by those portions of the brass near the ' on ' 
and 'off' sides are, therefore, less than near the middle of the bear- 
ing, and as the brass is cut away at the sides, the thickness of the 
film is also very slightly reduced. The reduction of the resistance is, 
therefore, not quite proportional to the reduction of the area, as will 
be seen by comparing the lengths of the arcs with the mean frictional 
resistances. A closer approximation of the results obtained with 
theory cannot be expected, as everything depends upon the curvature 
of the surfaces remaining unaltered during the experiments. 

Alternating Pressures. — In some cases the loads upon bearings are 
by no means constant, for the faces often alternately approach and 
recede from each other. When this is the case, and the alterna- 
tion is very rapid, the bearing will carry a very great weight, for at 
each alternation the pressure is completely relieved and the oil 
' trapped ' cannot be expelled during the short time the load rests on 
the bearing. The large ends of connecting rods may be instanced as 
cases in point. Here, although the pin is rapidly rotating in the 
brasses, the load frequently reaches several tons per square inch. On 
the small end brasses the load may be even greater, for the angular 
movement of the brass on the pin is only small. The reason the 
lubricant cannot escape whilst the pressure lasts is doubtless that the 
volume of oil which can be 'squeezed' out by any particular load is 
proportional to the cube of the thickness of the film. 

Wear of Cylindrical Bearing Brasses. — To obtain a low coefficient 
of friction when the bearing surfaces are cylindrical in form, the 
radius of the journal must be rather smaller than that of the brass, 
so as to leave space for a film of the lubricant to insinuate itself 
between the surfaces. When the bearings have been newly and 
accurately fitted together, the friction is generally high, but after 
they have been at work for some time the resistance is found to 
have largely decreased. This results mainly from the altered shape 
of the brasses consequent on wear. The exact nature of the wear 
which takes place in rubbing surfaces is, therefore, of the utmost 
importance, for upon it depends very largely the frictional resistance 
of the bearing. Unfortunately this aspect of the question has only 
received a very small amount of attention. Indeed, until more 
evidence is forthcoming concerning the results of wear, we have no 
guarantee that the friction is really independent of the load; for 
there is every reason to believe that upon the load largely depends 
the shape the surfaces assume from wear. Thus, although when 
the surfaces have arrived at a certain shape rapid changes of load do 
not alter the frictional resistance, it is not unlikely that for each 
load, if it act for any length of time, there is a different curve of 
brass, and therefore a different frictional resistance. 

As at high speeds the oil film is practically continuous and keeps 
the surfaces quite apart, such wear as then occurs must result from the 
intrusion of solid particles rather larger in diameter than the thick- 
ness of the lubricating film. But doubtless the chief wear takes 
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piace at low speeds when the surfaces are in contact. Actual 
abrasion then occurs. 

When moving very slowly, the brass actually touches the journal 
at t^F (fig. 30), or even on the 'on' side of O (fig. 31), but at 
ordinary speeds the liquid is wdyd between the surf aces and keeps 
them apart on this *ide. Thus the wear is almost wholly on the 
* otf ' side, where, except at considerable speeds, the surfaces touch, 
and the brasses when not very narrow are worn to a larger radius 
than that of the journal When the journal is not in motion, the 
point of contact will be at O, consequently as the speed changes, the 
position of abrasion will also change. The action is the same whether 
the brass be Inhricated by a siphon supplying oil to the crown of the 
bearing, or by a pad beneath the journal However, when the chord 
of the arc covered by the brass is small, the wear tends to become 
more evenly distributed over the whole bearing surface. Even then 
the wear tends to make the radius of the brass larger than that of 
the journal, and thus renders efficient lubrication possible. 

In the case of railway journals and brasses, the wear is sometimes 
on one side of the brass and sometimes on the other, according as 
the direction of motion of the vehicle changes ; but when the shaft 
or journal always rotates in the same direction, the wear is always 
on the same side. This one-sided wear often disturbs the adjustment 
of mechanical oil-testing machines, and effects arising from this 
cause should always be looked for. 

Imperfect Lubrication. — Until quite recently, full advantage was 
seldom taken of the viscous lubricating properties possessed by 
lubricants. This arose from many causes. Sometimes it is difficult 
to apply the lubricating fluid in the most effective manner, whilst 
in many cases the more perfect the system from a friction point of 
view, the greater the waste of oil. 



Table XV. — Influence of Method of Lubrication and Contact 
Area upon Frictional Resistance. 

Length of Bearing, 4 Inches ; Speed, 122 Feet per Min. 



Method of Lubrication. 


Width in Inches of Chord of Bearing Surface. 


2-0 


1-75 


1*5 


1*0 


05 


Frictional Resistance in Lbs. 


Oil Bath, 


289 


2*42 


2*14 


118 


0-82 


Saturated Pad, 


4*47 


3*98 


2*49 


210 


106 


Oily Pad, 


797 


6*62 


5*80 


380 


270 
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Bath ot ' perfect ' lubrication is obtained by allowing the under side 
of the journal to dip into a bath of the lubricant. In this way the 
journal picks up and throws against the brass a thick film of oil, and 
the result is 'perfect lubrication/ i.e., the thickest film is secured 
which the bearing can automatically maintain. 

Pad lubrication is obtained by pressing a woollen or felt pad 
soaked with the lubricant against the journal. When the pad rests 
in a bath of the lubricant and is kept thoroughly soaked, the results 
obtained are not greatly inferior to those given by the bath. When, 
however, the supply of oil to the pad is deficient, the difference is 
marked, as will be seen from Table XV., by Goodman. 

Ball and Boiler Bearings. — Of late years ball and roller bearings 
have come into very extensive use, having been found very suitable 

Table XVI.— Budge Ball Bearing. White 'Neutral' Oil. 





Speed, 19 Revolutions 


Speed, 157 Revolutions 


Speed, 3. r >0 Revolutions 




per Minute. 


per Minute. 


pur Minute. 


Load 
in Lbs. 












— - - 














Coefficient 
of Frictiou. 


Frictional 

Resistance, 

Lbs. 


Coefficient 
of Friction. 


Frictional 

Resistance, 

Lbs. 


Coefficient 
of Friction. 


Frictional 

Resistance 

Lbs. 


10 


•0060 


•06 


•0105 


•10 


•0105 


•10 


20 


•0045 


•09 


•0067 


•13 


•0120 


•21 


30 


•0050 


'15 


•0050 


•15 


•0110 


•33 


40 


•0052 


•21 


•0052 


•21 


•0097 


•39 


50 


•0054 


•27 


•0054 


•27 


•0090 


•45 


60 


•0050 


•30 


•0055 


•33 


•0075 


•45 


70 


HK)49 


•34 


•0054 


•38 


•0068 


•47 


80 


•0048 


•38 


•0062 


•49 


•oooo 


•48 


90 


•0O50 


•45 


•0068 


•61 


•0060 


•54 


100 


•0058 


•58 


•0069 


•69 


•0057 


•57 


110 


•0054 


•59 


•0065 


•71 


•0060 


•66 


120 


•0055 


•66 


•0075 


•90 


■0057 


•68 


130 


•0058 


•75 


•0078 


I -oi 


•0062 


*8l 


140 


•0056 


•78 


•0077 


108 


•0060 


•84 


150 


•0060 


•90 


•0083 


124 


•0062 


•93 


1G0 


•0075 


1-20 


•0081 


1-29 


•0058 


•93 


170 


•0079 


134 


•0078 


1-33 


•0055 


•93 


180 


•0079 


142 


•0078 


1-40 


•0053 


•95 


190 


•0087 


1*65 


•0076 


144 


•0054 


1-03 


200 
Means 


•0090 


1*80 


•0081 
•0070 


162 


0060 


1-20 


•0060 




•0071 





for slow stopping trains, motor-cars, cycles, dynamos, and other 
machines the bearings of which have to carry moderate loads. 
One of the early forms of ball-bearing known as the * Rudge ' was 
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experimented upon by Prof. J. Goodman. The results of his experi- 
ments are given in Tables XVI. and XVII. The results with ibe 
white ' neutral ' oil are rather irregular, but their average clearly shews 
that, as with the pale American oil, the coefficient of friction varies 
very little with moderate loads ; the f rictional resistance, therefore, 
varies almost directly as the load. 

To ascertain the effects of viscosity, the bearing was heated by a 
Bunsen gas-burner from 20° to 60° C, but no difference could be 
detected in the friction. The experiment was repeated with different 
lubricants, loads, and velocities, with the same negative results. In 
the case of ball bearings a lubricant only alters the area in contact 



Table XVII.— Rudge Ball Bearing. Pale American Oil. 





Speed, 10 Revolutions 
per Minute. 


i 
Speed, 157 Revolutions ' 
per Minute. 


Load, 
Lbs. 




i 


Coefficient 

of 
Friction. 


Frictional 

Resistance, 

Lbs. 


Coefficient 

of 
Friction. 


Frictional j 
Resistance, 
Lbs. ' 


10 


•0075 


•07 


•0060 


"06 I 


20 


•0075 


•15 


•0075 


•15 ; 


40 


•0071 


•28 


•0075 


•30 


68 


•0070 


•42 


•0075 


•45 I 


80 


•0071 


•57 


•0071 


•57 i 


100 


•0073 


•73 


•0072 


•72 


120 


•0071 


•85 


•0069 


•83 


140 


•0072 


101 


•0'J67 


•94 


160 


•0072 


1-15 


•0066 


106 


180 


•0072 


1-30 


•0066 


119 


200 


•0073 


146 


•0066 


1-32 


Means 


•0072 


... 


•0068 





over which slip takes place, and although it does not decrease the 
friction it prevents undue wear, and prolongs the life of the bearing. 

From these experiments the following laws, therefore, are de- 
ductible : — 

1. The coefficient of friction is nearly constant for all ordinary 

loads; hence, unlike lubricated cylindrical bearings, the frictional 
resistance varies directly as the load. 

2. The friction is unaffected by change of temperature, and there- 

fore by moderate changes in the viscosity of the lubricant. 
The coefficient of friction of ball bearings at high speeds is rather 
higher than that of ordinary bearings when bath or saturated pad 
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ition is used, bat is less than the friction of ordinary brasses 
the latter are lubricated by less perfect methods. The friction 

and roller bearings is also small at very low speeds and with 
Loads, much smaller indeed than could be obtained with ordinary 
gs at such speeds even by bath lubrication, 
ing to their small frictional resistance roller bearings have lately 
ried and have given very favourable results on electric railways, 

and motor-cars. 

Bailey Marshall* states that on railway vehicles the starting 
is, in many cases, as low as 3 lbs. per ton, a figure which corn- 
favourably with the frictional resistances of ordinary bearings 
h speeds when well lubricated ; but it seems doubtful whether 

bearings will, when used for such high speeds, give better 
\ than brasses of the ordinary design. 

the case of ball bearings the design should be such that the 
int used can escape readily on each side of the balls as they roll 
ir races; with rollers, however, the lubricant must be pushed 
in front of them. On this account the viscosity of the lubricant 
lust have an appreciable effect upon the friction in the latter case. 

* Holler Bearings (pamphlet), London, 1897. 



CHAPTER V. 

LU15RICAXTS. 

THEIR SOURCES, PREPARATION, AND CHIEF PROPERTIES. 

Li'JHMrAXTS are, with few exceptions, fluid or semi-fluid substances, 
capahli* of forming and maintaining between friction surfaces films of 
sufficient thickness to keep the surfaces apart, thus abolishing the 
solid friction and substituting for it the much less considerable 
friction of the fluid itself. The substances which possess in the 
highest degree the necessary properties belong to the class of bodies 
known as fixed oils and fats. Until the latter half of the present 
century lubricating oils were almost exclusively derived from the 
animal ami vegetable kingdoms, though cart-grease had been prepared 
from petroleum in Galicia from a very early period (Redwoot?), whik» 
early in the present century the advantages of petroleum as a lubri- 
cant free from ' gumming ' properties were sufficiently well known to 
lead to its more general use in places where it could be obtained. 
The rise, and development of the modern petroleum and shale oil 
industries, stimulated by the increased demand for lubricants due to 
the introduction of railways and the extended use of machinery, has 
led to the production of immense quantities of lubricating oils, which, 
besides largely augmenting the general supply, have, owing to their 
cheapness and other advantages, displaced to a great extent the older 
lubricants. We shall, therefore, commence with a description of this 
class of oils, which, being derived from mineral sources, have received 
the name of 

A.— MINERAL OILS. 

I. Sources. 

(a) Petroleum.— Crude petroleum is a highly complex liquid 
product which is found very abundantly in various parts of the world, 
either issuing naturally from the ground or reached by boring. Its 
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•urrence is not limited to any particular country, continent, or 
logical formation, bat by far the greater volume is obtained in 
e United States of America and in the neighbourhood of Baku in 
iucasia (Russia). The total annual production of crude petroleum 
as been estimated to amount to over 5000 millions of gallons, dis- 
puted as follows * : — 

Million* of Gallons. 

United States, 2500 

Russia, 2250 

Austria, 87 

Sumatra, 72 

Java, 30 

Canada, 20 

Roumania, 24 

India, JajKin, Germany, Peru, Italy, .... 34 

5026 

The great bulk of this crude petroleum, after refining, is illuminat- 
ing oil, and only a small proportion is lubricating oil. Thus, of the 
manufactured petroleum exported from the United States in 1805 
aud 1896, 92 per cent, was illuminating oil, and only al>out C jx* 
cent, lubricating oil; this latter proportion, though relatively Hrnall, 
amounted nevertheless to nearly 43£ millions of gallons, of which the 
United Kingdom took about half.f Were there a greater demand, 
the production of lubricating oil could be immensely increased, 
especially from Russian petroleum. 

Crude American petroleum is obtained chiefly in Pennsylvania, 
Ohio, and West Virginia. It varies very much in character in 
different districts, ranging in colour from pale amber to dark greenish- 
or brownish-black, and in specific gravity from about 0*78 to 0*94 
(Hofer). Some oils are highly limpid, and are composed for the most 
part of the lighter hydrocarbons suitable for burning in lamps ; others, 
like the heavy oil of the Bradford and Franklin districts of Penn- 
sylvania, contain a large proportion of lubricating hydrocarlxms. 
A few crude oils can be used for lubricating almost without treat- 
ment (see " Natural Oils "). Most of the crude petroleum obtained 
in the United States is distilled for illuminating oil and naphtha, 
only the still residues ('residuum') being worked up into lubricat- 
ing oils and paraffin wax; but there are some heavy oils, such 
as those of the Franklin and Smith's Ferry districts of Penn- 
sylvania; of Mecca, Ohio; of Volcano, West Virginia; and the 
recently discovered oil at Scur Lake, Texas, J which, being chiefly 
valuable for the manufacture of lubricating oil, are treated separately. 
Researches too numerous to mention have shewn that American 

* Washington Despatch. See Chem. Trade Jour., July 1, 1899. 
+ Jour. Soc. Chem. Ind. t 1896, p. 687 ; and 1897, p. 271. 
% Jour. Soc Chem. lnd. t 1898, p. 287. 
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petroleum is composed mainly of hydrocarbons of the paraffin series, 
dH.tn+2, with smaller quantities of naphthenes, and of benzene and 
its derivatives. Traces of sulphur are met with in most petroleum, 
also oxygenated bodies of acid and phenolic character, and variable 
traces of mineral matter. 

Crude Caucasian petroleum is, in many respects, specially interest- 
ing ; in the antiquity of historical references to it ; in the compara- 
tively small area within which the supply is obtained ; in the extra- 
ordinary productiveness of the wells and in the peculiar character 
of the hydrocarbons of which the oil is mainly composed. According 
to the researches of Markownikoff and Ogloblin, and others, at least 
80 per cent, of crude Baku petroleum consists of hydrocarbons of the 
naphthene series, CJl^, isomeric with the defines, but differing from 
them in not combining directly with bromine. Naphthenes are 
closed chain hydrocarbons, also known as polymethylenes, one of the 
most important being hexamethylene or hexhydrobenzene, C 6 H I2 , 
which has been obtained in large quantity from Russian and in 
small quantity from American petroleum.* Russian petroleum also 
contains paraffins and a considerable quantity of aromatic hydro- 
carbons. 

Caucasian petroleum is more uniform in composition than the 
American product. It usually ranges in specific gravity from 0*850 
to 0*875; yields a larger proportion of lubricating oil, less illuminat- 
ing oil and less naphtha than American petroleum, but no paraffin 
wax. Owing to the almost entire absence of solid hydrocarbons, 
Russian lubricating oils will bear exposure to a much lower temperature 
than American oils without solidifying. 

Galician petroleum is stated by Redwood to have been collected 
in a primitive fashion and used as a cart-grease from very early times. 
The Galician oil- fields are very extensive, and produce oils of very 
varied character, both light and heavy. The modern industry ranks 
next in importance to that of Russia, though far below it in point of 
bulk. Crude Galician petroleum is composed chiefly of hydrocarbons 
of the paraffin series. According to I)r. Young it contains more 
naphthenes and aromatic hydrocarbons than American, but probably 
less than Russian petroleum. It yields 55 to 65 per cent, of lamp 
oil and from 30 to 40 per cent, of residuum from which lubricating 
oils are obtained.! 

Canadian petroleum resembles the oil of Lima (Ohio) in having 
an offensive odour and containing a notable proportion of sulphur. 
The production is comparatively small, and the oil is chiefly refined 
for home consumption. 

Among tho minor sources of mineral lubricating oil may be men- 
tioned tho heavy petroleums of Roumania, Hanover, and Alsace, 

* Young, Jour. Chan. Soc. t 1898, Transactions, p. 905. 

t For an interesting and very complete account of the Galician petroleum anil 
o*»kt'rit industries, see a paper by Redwood, Jour. Soc. Chem. fnd. t 1892, pp. 

iKiiiy. 
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ind the Rangoon oil or tar of Upper Burma. Alsace petroleum 
s rich in lubricating oil, and yields from 55 to 60 per cent, of 
residuum. 

(b) Shale. — Although by far the greater proportion of the lubricat- 
ing oil of commerce is now obtained from petroleum, it is of interest 
to remember that shale oils were the first to be produced on a large 
scale even in America. Prior to the boring of Drake's well in 1859, 
which was the commencement of the United States petroleum 
industry, a number of works were established in that country for 
the production of oil from coal and shale, and Boghead cannel was 
even imported from Scotland for the purpose ; these factories, which 
worked under licence from Dr. James Young, the founder of the 
Scottish Shale Oil Industry, were subsequently converted into 
petroleum refineries (Redwood). Young's first patent for obtaining 
paraffin oil from bituminous coal was taken out in 1850, and the 
mineral which he used was Boghead cannel, a rich bituminous mineral 
yielding by distillation from 120 to 130 gallons of oil per ton. The 
supply of this mineral soon became exhausted, and since then the 
Scotch oil has been produced from the bituminous shales of the coal 
measures. The manufacture of paraffin oil from shale at the works of 
the Broxburn Oil Company has been described by D. R. Steuart 
(Jour. Soc. Cliem. Ltd., 1889, pp. 100-109). The shale is a dark 
grey or black mineral with a laminated or horny fracture. The 
greater proportion (73 to 80 per cent.) consists of mineral matter; the 
remainder (27 to 20 per cent.) is bitumen, composed chiefly of carbon 
and hydrogen with some nitrogen and sulphur. When the shale is 
heated to a very low red heat in retorts, this bitumen undergoes 
destructive distillation, splitting up into water, ammonia, gas, and oil. 
Each ton of shale distilled at Broxburn yields on an average 30 
gallons of crude oil, 65 gallons of ammoniacal water, and nearly 2000 
cubic feet of permanent gas, which is used for lighting the works and 
for fuel. 

(?) Crude Shale Oil is dark green in colour, has a specific gravity of 
0*860 to 0*890, and is semi-solid at ordinary temperatures owing to 
the large quantity of solid paraffins ('paraffin wax') contained in it. 
"When warmed to 90° or 100° F., the oil becomes quite fluid. 
Chemically, it is composed chiefly of hydrocarbons of the paraffin and 
olefine series, the latter predominating in the fractions used as lubri- 
cating oil Xaphthenes and aromatic hydrocarbons are also present 
in largo quantity (Heusler, Jour. Cliem. Soc, 1898, Abstracts I. 101). 



II. Manufacture. 

The manufacture of lubricating oils from crude petroleum and 
shale oil is a branch of a very extensive industry. The great 
variety of hydrocarbons of which the crude oils are composed 
affords material for the manufacture of numerous products. The 
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lightest and most volatile hydrocarbons compose Crude Naphtha, 
from which rhigolene, gasoline, benzoline, and similar products are 
obtained. These liquids, which are devoid of all lubricating property, 
form highly volatile and inflammable ' spirits/ used for freezing, mak- 
ing air gas, carburetting coal gas, and for solvent and other purposes. 
Hydrocarbons of higher boiling-point and specific gravity, which are 
still too fluid and volatile to be used for lubricating, compose the 
Illuminating Oils of commerce known as kerosene, petroleum, 
paraffin oil, etc. The heaviest and least volatile hydrocarbons are 
alone used for the manufacture of Lubricating Oils, Paraffin Wax, 
and Vaseline. The refiner's business is to separate the various pro- 
ducts from the crude oil and purify them for use, and this he does by 
distillation and chemical treatment. 

The value of distillation depends upon the fact that the different 
constituents of the crude oil boil and volatilise at different tempera- 
tures, the naphtha coming over first, then the illuminating oils, then some 
' intermediate ' oils used for gas making, or destructively distilled so 
as to increase the quantity of illuminating oil (see below), leaving the 
heaviest hydrocarbons, unless the distillation is continued to dryness, 
as a residue or Residuum in the still. By separate fractional dis- 
tillation, the naphtha is subsequently split up into gasoline, benzoline, 
etc., the crude illuminating oil into products of different specific 
gravities and flashing-points, and the residuum into lubricating oils of 
various grades and paraffin wax. 

In practice, however, the distillation, especially of the heavier 
fractions, is never a simple process of separation, as is proved by the 
fact that products are found in the distillates, which do not exist in 
the original liquid. During the distillation the heavier hydrocarbon 
vapours partly condense on the upper and cooler part of the still and 
fall back into the. boiling liquid, while, in distilling the heavy oil, 
the boiling has to be very vigorous to keep up the stream of vapour 
issuing from the retort, which necessitates a strong tiro and a high 
temperature at the bottom and sides of the retort.* The prolonged 
and excessive heating to which the heavier hydrocarbons are thus 
subjected gradually splits them up, partly into permanent gases 
(marsh gas and hydrogen), partly into liquid hydrocarbons of lower 
boiling-point and viscosity which distil over, and partly into tarry 
products which remain in the still. It has been found, in fact, 
that by setting the still so that the upper part is kept cool, 
and conducting the distillation slowly in order to promote con- 
densation, or by distilling under increased pressure and so raising 
the boiling temperature of the liquid, the destructive distillation 

* Steuart (Jour. Soc. Chcm. Ind. t viii. 106) has ]>ointed out that whilst water 
in being converted into steam increases in volume 1700 times, burning oil in- 
creases less than 200 times, and heavy oil less than 100 times. In distilling the 
heavy oil a great deal has therefore to be converted into vajK>ur before enough is 
formed to reach the point of exit from the still, and as the sj>ecific heat of the 
vapour is low, it is easily condensed and falls back into the boiling liquid. 
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or ' cracking ' of the heavier hydrocarbons may be promoted 
to such an extent as to largely increase the natural yield of 
illuminating oil at the expense of the heavier fractions. Large 
quantities of crude petroleum, in which the residuum is not 
of special value for the preparation of lubricants, are distilled in 
this way in the United States, the illuminating distillate being in- 
creased from a normal proportion of about 50 per cent, to as much as 
70 or 75 per cent., and the residuum reduced to as little as 6 per 
cent. According to Steuart, the hydrocarbons of petroleum are more 
readily split up than those of shale oil, and in Scotland cracking 
for the production of illuminating oil is not practised. A certain 
amount of destructive distillation is, however, necessary for the pro- 
duction of the paraffin wax which is such an important product of the 
shale oil industry. The quantity of crystalline wax obtainable from 
crude shale oil by direct freezing is much less than is obtained by 
freezing the distillates obtained by distilling the oil in such a way as 
to cause partially destructive changes. 

Destructive distillation which is so valuable in increasing the yield 
of illuminating oil and in the production of paraflin wax has been 
found to be most detrimental to the quality of the lubricating oil, 
reducing the viscosity, lowering the boiling- and flashing- points, and 
tending generally to the production of an inferior product. When, 
therefore, the primary object of the distillation is to obtain the lubri- 
cating oil with its viscosity, chemical stability, and other valuable 
qualities unimpaired, every care is taken to reduce the amount of 
destructive distillation to a minimum. With this object the Steam 
Refining Process was introduced about 1870. In this process, which 
is largely used in the manufacture of lubricating oils from crude 
petroleum and petroleum residuum, a current of steam superheated to 
the required temperature (varying from 150° to 300° C.) is blown 
through the oil during the distillation, by which means the hydro- 
carbon vapours, instead of remaining in the still and undergoing 
decomposition, are swept rapidly forward into the condensing worm. 
Further improvements have been effected, especially in the distillation 
of the heavier hydrocarbons, such as form vaseline and cylinder oils, 
by conducting the distillation in a partial vacuum, maintained by 
means of an exhaust ejector or other appliance connected to the end 
of the condensing worm. The boiling temperatures of the hydro- 
carbons are thus lowered, and the rapidity of the distillation is much 
increased. 

In addition to these modifications in the process of distillation, the 
plant has also been improved. The thick- walled cast-iron stills at 
first employed, in which the proper regulation of the temperature was 
impossible, have given place to stills of wrought-iron or steel ; the 
vertical form of still has been abandoned in favour of the horizontal, 
so as to increase the evaporating surface, and the stills are provided 
with low domes or short goose-necks in order to still further diminish 
the distance traversed by the heated vapours. The result of all these 
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improvements in the plant and processes has been a great improve- 
ment in the quality of mineral lubricating oils, to which must he 
attributed the rapid manner in which their use has extended during 
recent years. 

The lubricating oils manufactured from crude petroleum in the 
United States are of three kinds, viz. : — natural, reduced, and dis- 
tilled oils. 

(a) Natural Oils. — A limited quantity of crude petroleum is found 
in the United States in which the proportion of lubricating hydro- 
carbons is so large that the crude oil only needs purification from 
suspended and tarry impurities by settling, straining, or filtering 
tli rough charcoal in order to render it fit for use. Lubricating oils 
obtained in this way are known as ' natural oils/ but very little oil of 
this description is now produced. 

(b) Seduced Oils. — Crude petroleum rich in lubricating oil, but too 
fluid for use as a lubricant without treatment, is carefully distilled 
with steam or in vacuo, so as to avoid cracking, until the lighter 
hydrocarbons have been driven off. The distillation is then stopped, 
and the dark-coloured oil remaining in the still, reduced in volume 
but increased in viscosity, is known as ' reduced oil.' Such oils have 
considerable lubricating value, and are largely used on railways and 
for heavy machinery. The chief objection to them is the tarry 
matter which they contain, which stains the machinery and paint, 
and interferes with the free siphoning of the oil. In the manufacture 
of cylinder oil, suitable descriptions of petroleum are carefully reduced 
at as low a temperature as possible, in vacuo, and for filtered cylinder 
oil the highly viscous residues thus obtained are repeatedly filtered 
through animal charcoal kept sufficiently warm to maintain the oil 
fluid, until the required degree of transparency is obtained. The 
reducing process is not always carried out in stills ; the lighter hydro- 
carbons are sometimes evaporated by exposing the oil to the rays 
of the sun in shallow tanks containing water warmed by steam 
coils, the oil floating on and depositing its suspended impurities in 
the water. This process is known as ' sunning/ and the product 
as 'sunned oil.'* 

(c) Distilled Oils. — These oils are obtained from residuum. Those 
produced from American petroleum contain paraffin wax, and are 
known as 'paraffin oils.'' The Russian oils contain little or no paraffin. 
Distilled oils usually undergo treatment with acid and alkali by which 
they are partially decolorized and made transparent ; in this way the 
' pale oils 1 are produced. 

Residuum, as already described, is the tarry residue remaining in 
the crude-oil stills after the naphtha and illuminating oils have been 
distilled over with more or less cracking. As a rule the distillation 
of the crude oil is stopped at this stage, the residuum is withdrawn 
from the still and, after standing for some time to allow the fine 

* A .sunning process is also used in the manufacture of ' bloomleas ' oil 
(see p. \)i). 
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particles of coke contained in it to settle out, is transferred to special 
stills called ' tar-stills,' in which the distillation for lubricating oils is 
conducted with superheated steam, or in vacuo, generally in separate 
factories devoted to the manufacture of lubricating oil. The residuum 
obtained in the United States is very different, both in quantity and 
in quality, from the Russian product. By cracking, the yield of 
residuum from Pennsylvanian petroleum is reduced to as little as 5 to 
10 per cent., -whilst from the crude oil distilled at Baku as much as 
36 to 60 per cent, of residuum is obtained. This difference in the 
yield is not entirely due to the different character of the crude oil. 
Crude Pennsylvanian oil distilled without cracking will give from 20 
to 30 per cent, of lubricating oil, and correspondingly less illuminating 
oil. At Baku, the residuum called by the Russians ' astatki,' and by 
the Tartars ' maziit,' is in great demand for fuel, and there is not the 
same inducement to reduce the yield by cracking as in the United 
States. 

American residuum contains a variable proportion of solid hydro- 
carbons, and varies accordingly both in consistency and in specific 
gravity ; it is the source of all the paraffin wax obtained in the United 
States. On the other hand, the Russian astatki produced at Baku is 
a more fluid oil having a uniform specific gravity of 0'90 to 0*91, and 
containing so little solid hydrocarbons as to yield practically no paraffin 
wax.* Lubricating oil of a kind has been made in the United States 
by simply filtering the residuum through steam-heated filters, but the 
unstable character of the product and the accompanying tarry matters 
unfit it for any but the roughest purposes. Russian residuum is 
similarly employed, after separation of water and treatment with 
sulphuric acid. But the usual method is to refine the oil by distilla- 
tion with superheated steam. In the United States the distillation is 
carried to dryness. The first 20 to 25 per cent, of the distillate is a 
very fluid oil of about 0*834 sp. gr., which is either returned to the 
crude oil tank or is refined as a special high flash-point burning oil. 
The. oil that follows is lubricating oil and contains the paraffin wax; 
it is either collected all together or in separate fractions. Just at 
the end of the process, when the bottom of the still is red-hot, a thick 
resinous product of light yellow colour and nearly solid consistency 
distils over, which is used as a lubricant for the necks of rolls, t or, 
according to Sadtler, is added to paraffin oils to increase the density 
and lower the cold-test. About 12 per cent, of coke remains in the 
retort, which is used for the manufacture of electric light carbons. 
The paraffin oil, if collected all together, is washed first with acid and 
then with alkali and is then reduced in temperature by ammonia 
freezing machines, which causes the paraffin to crystallize. The semi- 
solid mass is subjected to hydraulic pressure between bagging, and the 
solid crystalline cake which remains is converted into refined paraffin 
wax. The fluid oil which drains from the press is carefully redistilled 

* Engler, Jour. Soc. Chem. Ind., 1886, p. 477. 
+ Jour. Soc. Chem. Ind., 1882, p. 142. 
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and collected in separate fractions, yielding a variety of lubricating 
oils ranging in density and viscosity from the lightest and thinnest 
spindle oil to heavy machine oil and even cylinder oil, though 
cylinder oils are not usually made from residuum. If the paraffin oil, 
instead of being collected all together, is fractionated at the first dis- 
tillation, then those fractions which contain the wax are separately 
treated for its recovery. Thus, according to Eedwood, the second 
fraction following the oil of 0-83-4 sp. gr. (see above) may be collected 
so as to have a sp. gr. of O'SGO-O'STO, and may amount to 25 per 
cent, of thv original residuum. This fraction may be subdivided by 
redistillation, or may be made into 'Neutral* or ' Bloomless* oil by 
cooling to sojwrate the paraffin, filtering through bone-black to remove 
colour ami odour, and exposing to the sun and air in shallow tanks or 
treating with nitric acid or nitro-naphthalene, or in other ways to 
remove fluorescence or ' bloom.' 'Neutral oil' has a very low viscosity, 
and is largely used for the adulteration of animal and vegetable oils, 
for which reason it is debloomed so as to remove the fluorescence 
which would betray its presence. The distillate following the neutral 
oil is the * stock' for engine oil, and the percentage is determined 
( with a corresponding inverse variation in the proportion of the second 
fraction) by the use to which the product is to be put. For heavy 
machine oil the proportion is reduced, so that a distillate of sp. gr. 
0*928 to 0*933 may be obtained, and after the paraffin has been 
separated the viscosity is sometimes still further increased by distilling 
otl* some of the more volatile constituents by means of superheated 
steam and filtering the * reduced ' oil through charcoal. 

Previous to the chemical treatment of the lubricating oil distillates, 
they are freed from mechanically mixed water by settling, and the 
hist traces of moisture are got rid of by heating the oil in tanks fitted 
with steam coils. The dried oil is then thoroughly agitated with con- 
centrated sulphuric acid, the proportion of acid varying from 4 to 
12 per cent., according to the strength of the acid and the amount of 
impurity in the oil. After thorough settling, the clear oil is drawn 
off, agitated with a solution of caustic soda, and again allowed to settle; 
it is then well washed with warm water, allowed to rest until clear, 
and finally dried by being heated in shallow pans provided with 
steam coils until the oil is bright. Sometimes the oil after being 
treated with acid is pumped into a still containing a solution of caustic 
soda amounting to from 2 to 4 per cent, of the oil, and is redistilled 
from the soda, by which process free acid and sulphonates are more 
perfectly removed and the oil is improved in colour. The treatment 
with sulphuric acid removes tarry matters, as well as some of the 
more easily acted on hydrocarbons,* and the soda neutralizes the 
remaining traces of sulphuric acid as well as organic acids contained 
in the oil or resulting from treatment. The chemical changes which 
take place are by no means fully understood. Secondary reactions 

* It is said that some valuable lubricating hydrocarbons are withdrawn by the 
action of sulphuric acid. 
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occur, certain of the hydrocarbons being very liable to undergo 
oxidation with formation of acid products, especially during the 
alkaline treatment. Great care and attention are therefore needed 
to produce the most highly refined oil, which is clear and bright, 
contains neither acid nor alkali, and does not become turbid on 
standing. 

(d) Russian Oils. — The manufacture of lubricating oils from astatki 
was commenced by V. I. Ragosine in 1876, and two years later the 
Russian oils were first introduced into England.* Up to that time 
naphtha and illuminating oil were the only products manufactured 
from the crude Caucasian petroleum, and the astatki was either 
burned as fuel or entirely wasted. Even now the greater proportion 
is used as fuel, and only a comparatively small proportion, about 
10 per cent, according to Redwood, is manufactured into lubricating 
oils; but, considering the enormous quantity of astatki produced, 
even this small proportion amounts to a considerable volume. 

The astatki, t which is stored in large tanks sunk in the ground,* is 
first pumped into raised tanks in which it is heated by steam coils to 
facilitate the settling of water and other impurities likely to cause 
frothing and explosive ebullition. The clarified oil flows by gravita- 
tion into the stills, which are horizontal wrought-iron vessels of 
circular or elliptical section, waste oil being the fuel used for heat- 
ing them. When the temperature has risen to 130° or 140° C. 
(266°-284° F.) a fairly regular ebullition sets in, and distillation 
commences at about 150M60 C. (302°-320° R). Superheated steam 
is then admitted through perforated pipes placed very near the 
bottom of the retort, and the distillate is collected in separate 
fractions as the temperature rises, until the oil coming over has a 
density of 0*915 to 0*920, when the fire is extinguished. The in- 
jection of steam is, however, continued until oil ceases to come over. 
The still is then left to cool, and the residue, called (joudron or deggut, 
is run off while still hot into tanks placed outside the building. The 
fractions collected by this process present the characteristics given 
in Table XVIII. 

1 Solar Oil ' is too fluid for lubrication, and is used either as a heavy 
illuminating oil or for making oil-gas. ' Mixing Oils ' are also pre- 
pared from solar oil, the chief use of which is for purposes of adultera- 
tion (Redwood). § 

* Gowlron' when cold is almost solid. It is used as fuel and 
for other purposes. Sometimes a lubricating grease is made from 
it, of the nature of vaseline, by mixing it with about one-third solar 
oil and very gradually heating the mixture in a still to 180°-200° C. 
Distillation is then started by passing in superheated steam. At 

* Jour. Soc. Chtm. Ind., iv. (1887) p. 631. 

t See Jour. Soc Ckcm. Ind., 1885, p. Ill ; and 1886, p. 382. 
X Redwood states that Messrs. Noble have a cylindrical tank of this descrip- 
tion holding eleven milliou gallons. 
§ Petroleum, yqI i. p. 383. 
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first a fluid oil comes over, but soon the distillate begins to partially 
solidify on cooling, the proportion of solid gradually increasing until 
the whole solidities. This distillate is collected separately, until 
about three-fourths of the contents of the still have come over. 



Table XVIIL-— Fractional Distillates from 
Russian Residuum. 



Fraction. 


Description. 


Distilling 
afC. 


PerCent. 


Specific 
Gravity. 


Colour. 


1st 
2nd 


Solar Oil, 

Light Spindle Oil, . 


150-170 
170-200 


10-12 
12-15 


•840-860 
•870-*880 


Pale 

vellow. 
Yellow. 


3rd 
4th 


Hea ry Spindle or L ight 

Machine Oil, 
Engine Oil, 


200-250 ! 8-10 

1 
250-300 ' 30-33 


•895--900 
•908--912 


Yellow. 

Reddish- 
yellow. 
Red. 


5th 


Cylinder Oil, . 


300-320 


10-12 


•915--920 


Residue 


Goudron, . 


... 


12-15 


•950 


Brown 
black. 



All the lubrieatiny oil distillates have a dark colour and a strong 
odour. Paler coloured odourless oils are produced from them hy 
chemical treatment followed by redistillation, as in the case of the 
American oils, but as the Russian oils contain no paraffin wax the 
refrigerating process is, of course, omitted. 

The various forms of plant used for the distillation of lubricating 
oils from petroleum and shale, though differing in detail, merely 
represent different methods of carrying out the general principles 
referred to on pp. 90-92, and the yield and characters of the separate 
fractions obtained in different factories vary according to the nature 
of the raw material and the demands which the manufacturer has to 
meet. 

(<?) Shale Oils. — Crudeshale oil yields on distillation the same products 
as crude petroleum, viz. : — naphtha, illuminating oil, gas oil, lubricat- 
ing oil, and paraffin wax. The methods of separating these products 
and obtaining them in a pure state are the same in principle, viz. : — 
fractional distillation, followed by chemical treatment of the distil- 
lates ; but the process is more complicated. Shale oil is subjected to 
a large number of separate distillations and treatments in order to 
facilitate the separation of the paraffin wax, of which the crude oil 
yields about 12 per cent., whilst American petroleum yields only 
about 2 per cent., and Caucasian petroleum none. The lubricating oils 
from shale are of low viscosity (spindle oils), and are all distilled oils, 
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being no products corresponding to the natural and reduced oils 
tred from American petroleum. 

r further information regarding the manufacture of mineral 
mating oils, drawings of the plant, etc., the reader is referred to 
•andard treatises on the subject by Redwood and others. 

'. Properties and Composition of Mineral Lubricating Oils. 

neral lubricating oils are classed commercially as 'pale* ard 
:.' The pale oils are more or less transparent, and present a 
■y of shades of yellow and red. The dark oils are opaque, and 
ither greenish- or brownish-black. Most mineral oils, unless 
have been ' debloomed ' by chemical treatment, are (in distinc- 
to animal and vegetable oils) fluorescent. The smell and taste, 
lgh usually slight, are also characteristic. 
e specific gravity ranges from 0*860 to 0*920. The boiling- 
is high, usually above 600° F. (315'5° C.) in the case of refined 
ed oils. The flashing point ranges, with few exceptions, from 
to 600° F. The cold-test or setting-point varies, and depends 

• upon the proportion of solid hydrocarbons present. Russian 
ave the lowest setting-point, sometimes below 0° F. ; American 
>ldom remain fluid below 25° F. ; Scotch oils set at about 32° F. 
3 lubricating oils obtained from petroleum present a much greater 

of viscosity than the fixed oils. The thinnest are more fluid 
3perm oil ; the thickest are more viscous than castor oil. Scotch 

oils are only met with among the oils of low viscosity. 
ence to the tables on pp. 154-158 will show how slight is the 
ction between specific gravity and viscosity. Among oils of a 

specific gravity, natural and reduced oils are more viscous than 
i oils, and among the latter Russian oils are more viscous than 
ican. Mineral oils lose viscosity with rise of temperature more 
y than the fixed oils, but if the curves of absolute viscosity on 
50 and 161 be studied, it will be seen that this difference becomes 
less marked at temperatures above 100° F. (or 150° F. in the case 
inder oils). The loss of viscosity is greater the more viscous 
1 ; and the higher the temperature above the normal, the more 
' do all oils approximate to one another in viscosity. It is not 
ly owing to the greater influence of temperature on the vis- 
of mineral oils that they are less perfect lubricants than the fixed 
ut chiefly owing to the fact that they are deficient in the pro- 
of ' oiliness,' the nature and cause of which are somewhat obscure, 
bough the chemical composition of petroleum has been the 
t of an immense amount of research, attention has chiefly been 
3d to the naphtha and illuminating oil fractions, while those of 

• boiling-point, from which lubricating oils are prepared, have 
omparatively little studied. Allen states * that the lubricating 
tained from American petroleum and from shale consist largely 

* Comm. Org, Anal, vol. ii. (2nd edit.), p. 401% 

G 
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of defines; paraffins are present in considerably larger proportion 
in the petroleum product than in the shale product, and the latter 
also contains small amounts of polymerized acetylenes, and possibly 
also terpenes. Zaloziecki has confirmed the presence of terpenes in 
the higher fractions from petroleum.* Aisinmann t states that the 
American lubricating oils consist chiefly of paraffins, and that those 
from Baku are composed mainly of naphthenes and olefinea More 
recently, Engler and Jezioranski J have come to the conclusion that 
these differences do not exist. By making analyses of petroleums 
from different sources, and also of the various fractions obtained 
by their distillation, they have found that the ratio of carbon to 
hydrogen increases with the boiling-point, and that in all cases the 
highest fractions contain, in considerable quantity, hydrocarbons 
which are poorer in hydrogen than those of the ethylene series. 
From these analyses, and from a comparison of the amount of each 
fraction absorbed by sulphuric acid, they conclude that the fractions boil- 
ing above 200° C, of American as well as of Russian and Galician oik, 
consist mainly of unsaturated hydrocarbons. Kraemer and Spilker§ 
have prepared synthetical hydrocarbons, resembling in their physical 
and chemical characters mineral lubricating oils, by the condensation 
of methylbenzenes with cinnamene or with allyl alcohol in the 
presence of sulphuric acid. The product formed from pseudocumene 
and allyl alcohol had the composition C 21 H 28 , and was probably 
dime thy ldicumylmethane ; it boiled above 300° C, and in the 
viscometer gave, at 15° C, the value 775 (water =1), whilst the 
best Russian lubricating oil gave, in the same apparatus, the value 40. 
Kraemer and Spilker regard these bodies as the ' viscosity carriers ' 
of mineral lubricating oils, and have proved that their viscosity increases 
rapidly with the number of methyl groups in the molecule. Mills 
states that the normal paraffins are not lubricants, and that the 
lubricating properties belong to one or more series of isoparaffins.|| 

Besides the fluid hydrocarbons, American and Scotch oils contain 
solid hydrocarbons (paraffin), and in the dark ' reduced ' oils 
variable quantities of asphaltic and tarry bodies exist. 

Mineral lubricating oils are unsaponifiable, which enables them to 
be easily separated from the fixed oils. In Hubl's process they absorb 
from 7 to 23 per cent, of iodine, according to their origin. Owing to 
the almost entire absence of any tendency to oxidize or develop 
acid, they do not gum or corrode bearings, and, if carefully refined 
so as to be free from volatile hydrocarbons, they undergo but 
little change by use. Therefore, pure mineral oils, if occasionally 
filtered to remove suspended impurities, can be used over and over 
again, which is not the case with any of the fixed oils. Mineral oils, 

* Jour. Chem. Soc, 1894, Aba., i. 611. 
t Jour. Soc. Chen. Ind. t 1895, p. 283. 
X J<mr. Mem. Soc. y 1896, Abs., i. p. 1. 
§ Jour. Chem. Soc, 1891, Abs., p. 1462. 
II Destructive Distillation, p. 31. 
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owing to their non-oxidizable character, are also incapable of spon- 
taneous ignition, and when mixed in sufficient proportion with animal 
and vegetable oils reduce the risk of fire. 

B.— FIXED OILS AND FATS. 
Sources, Composition, and General Properties. 

Fixed oils, so-called because they are not volatile without decomposi- 
tion, are found ready formed in certain tissues of animals and plants. 
They differ from the mineral oils in containing oxygen as an essential 
constituent, the proportion ranging from 9*4 to 12*5 per cent. The dis- 
tinction between fixed oils and fats is only a matter of temperature. 
All fixed oils become fats at low temperatures, and all fats become 
oils at or below 150° F. 

The fat of animals is found in the cells of the adipose tissue, or 
in the blubber of marine animals, from which it is melted out or 
'rendered* by simple heat, or by boiling with water. The oils of 
plants occur mostly in the seeds or fruit, and are obtained either by 
expression or by means of solvents such as petroleum ether ; oils so 
obtained are frequently subjected to a process of refining, in order to 
remove the albuminous and mucilaginous matter which is expressed or 
dissolved out with the oil. Each of the different oil-yielding plants and 
animals furnishes its own peculiar oil ; hence a considerable variety 
of fixed oils and fats exist. 

Animal oils are usually either colourless or yellow ; vegetable oils 
are of various shades of yellow and green, the green colour being due 
to the presence of chlorophyll, which is characteristic of this class of 
oils. Each kind of oil has usually a distinctive odour by which 
it can be identified. Fixed oils very rarely present a fluorescent 
appearance, unless adulterated with mineral oil. 

In specific gravity they range from about 0*879 to 0*968. Sperm 
oil is the least viscous, castor oil the most, but each kind of oil has 
its own peculiar viscosity, which varies but little. They cannot be 
distilled without decomposition, the so-called * boiling' of fixed oils 
being due to the escape of gases produced by destructive distillation. 
The setting-points of fixed oils and the melting-points of fats vary 
considerably (see pp. 191 and 196). 

A fundamental difference between fixed oils and mineral oils 
exists in their behaviour towards atmospheric oxygen. Mineral oils 
are indifferent to oxygen, but all the fixed oils combine with it,* and 
most of them undergo, as a result of the oxidation, changes which 
convert them sooner or later into solid elastic varnishes. The oils 
which behave in this manner are called * drying oils/ and a few which 
oxidize and dry most rapidly (notably linseed oil) are used as paint 

* In consequence of this property, cotton waste and similar fibrous material 
when saturated with many of the fixed oils, especially those of the drying class, 
is liable to heat and undergo spontaneous ignition (see page 268). 
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oils. Lubricants are selected from the ( non-drying ' or less strongly 
drying oils, the chief of which are olive, rape, and castor among 
vegetable oils, and lard, neatsfoot, and sperm among animal oils. 

All fixed oils are composed of fatty ethers or esters, formed by the 
union of alcohol radicles with fatty acid radicles. The alcohol radicle 
occurring in the vegetable oils and in most of the animal oils is the 
trivalent radicle glyceryl, C 3 H 5 , the radicle of glycerol or glycerin 
(C 3 H 5 (OH) 3 ), and its esters, known as glycerides, may be represented 
by the formula C 3 H 5 R 3 , in which R represents the fatty acid radicle. 
Usually three or more esters occur together. Thus, tallow contains 
triglyceryl stearate or stearin C 3 H 6 (O.C 18 H 35 0) 8 , triglyceryl palmitate 
or palmitin C 3 H 5 (O.C 10 H 31 O) 3 , and triglyceryl oleate or olein 
C 3 Hr,(O.C 18 H 33 0) 3 . Stearin and palmitin predominate in the solid 
fats, olein in the fluid oils. Olein is the chief constituent of many 
of the best known lubricants, such as lard, tallow, neatsfoot, and 
olive oils. 

Allied to the fats are the waxes, which are esters of mono- and di- 
hydric alcohols. Thus cetyl palmitate or cetin, C^H^.O.Cjgl^O, 
derived from cetyl alcohol (C^H^O), is the chief constituent of 
spermaceti, and myricyl palmitate or myricin, C 30 H (;i .O.C 16 H 31 O, 
from myricyl alcohol (C 30 H 62 O), is the chief ingredient of beeswax. 
Sperm and bottlenose oils belong to this group, and are therefore 
known as liquid waxes, since the esters composing them are not 
glycerides, but are derived from mono-hydric alcohols. 

All fatty esters, by hydrolysis, are split up into alcohols and fatty 
acids. The change can be effected in several ways ; by heating with 
water under pressure, by heating with sulphuric acid, or by heating 
with alkalis ; but however produced it is known as' saponification' 
In saponification by heating with water under pressure, both the 
alcohol and the fatty acid are liberated in the free state. Thus, in 
the case of olein, the complete change is represented by the follow- 
ing equation: — 

Q,H 5 (C H H B O f ),+3H f O-C3H 5 (OH) I +3C lg H M 1 . 

olein + water = glycerol + oleic acid. 

This change takes place in steam cylinders when fatty oils are used 
as lubricants, with the result that the fatty acids set free corrode 
the metal and form metallic soaps which choke the steam passages. 

When saponification is effected by means of an alkali, such as 
potash or soda, the alcohol alone is set free ; the fatty acid combines 
with the alkali or base forming a soap. Thus, when olein is heated 
with a solution of potash the following change takes place, in the 
definite proportions stated: — 

C 3 H 6 (C 18 H330 2 ) 3 + 3KOH = C 3 H 6 (OH) 3 + SK-C^O,. 
olein \ f potash \ _ / glycerol \ ( potassium oleate 
884*84 pte. J + \ 168*44 pts. J ~ \ 92*06 pts. J + \ 961*22 pte. 

This reaction enables us to at once distinguish between a mineral 
oil and a fixed oil, and to separate the mineral oil from a mixture of 
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the two. For, on boiling with potash, the hydrocarbons composing 
the mineral oil undergo no change, but the esters composing the fatty 
oil undergo saponification, forming soaps and glycerol, both of which 
can be washed away by water, leaving the mineral oil in the free 
state. 

In the case of a wax like sperm oil or wool fat a complication 
arises, since the wax alcohols are not soluble in water, and, therefore, 
contaminate the mineral oil. The mixture can, however, be analysed 
by the method described on page 233. 

Soaps are easily decomposed by mineral acids, and the fatty acids 
are set free. Thus, in the case of potassium oleate and hydrochloric 
acid: — 

K.CjgH^Oj + Ha = KC1 H-C^H^O,. 

potassium oleate + hydrochloric acid = potassium chloride + oleic acid. 

Most fatty acids, when melted, are oily liquids, winch float as an 
insoluble oily layer on the surface of water ; but a few, such as the 
valeric acid of porpoise jaw oil, are soluble in water, and evaporate 
with the steam when the water is boiled. The fatty acids obtained 
by saponifying the natural oils are almost invariably mixtures, and by 
examining the mixed fatty acids it is frequently possible to determine 
the nature of the fatty oil from which they have been derived. 

The chief fatty acids which are known to occur in lubricating oils 
are given in Table XIX. (p. 102). 

The vegetable oils chiefly used for lubrication are rape, olive, and 
castor. Rape and olive oils are employed both alone and mixed with 
mineral oils. Castor oil is largely used for railway work in India, 
mixed with heavy mineral oil, of which it can take up a certain pro- 
portion only, the amount varying with the temperature. To produce 
with castor oil and mineral oil a mixture that will not, even at low 
temperatures, separate on standing, an equal volume of tallow oil or 
lard oil must first be mixed with the castor oil. Coconut oil is said 
by Hurst to be used in India on light-running machinery, and in this 
country for the preparation of mixed spindle and loom oils, but it 
seems quite unsuitable for such purposes (see p. 111). Maize oil (corn 
oil) has been described as a non-drying oil and a good lubricant, 
but Archbutt has found that it dries as readily as cottonseed oil.* 
Palm oil is sometimes used in making the yellow grease employed 
for the lubrication of railway wagon axles. 

The animal oils chiefly employed for lubrication are tallow, tallow 
oil, lard oil, neatsfoot oil, whale oil, sperm oil, and porpoise jaw oil. 
Tallow is used for grease making, and the four following oils are 
chiefly employed for mixing with mineral oils. Sperm oil is used, 
both mixed and unmixed, for light machinery and spindles. Por- 
poise jaw oil is used for the lubrication of watches and delicate 
mechanism, for which a thoroughly non-drying and fairly limpid' oil 
is required. 

* Jour. Soc Chem. Lid. t xviil (1899), p. 346. 
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Table XIX.— Fatty Acids Occurring in Lubricating Oils. 



Serin. 


Name of Acid. 


Ki-nniila. 


Occura chiefly In 


Acetic 

1 
i 
i 

1 
1 


Isovaleric 

Caproic 

Caprylic 

Cupnc 

Laurie 

Myristic 

Palmitic 

Stearic 

Arachidk 
Lignoceric 


2* §"9* 

C« H lfl O, 


Porpofee jaw oil. 

, J Coconut oil. 

Palm oil j also tallow, olive 

oil, and coconut oil. 
Tallow; also palm, castor, 
and rape oil*. 
\ Earthnut, rape, and mustard 
1" oils, 


Oleic 
Oft Han _20i 


Oleic 
Rapic 
Erucic 


C M H M O t 


Olive oil and the animal oleins, 
y Rape oiL 


Linolic 


Linolic 


The drying oili ; also in olive 
and palm oils. 


Ricinokic 


Ricinokic 
Eieinisokk 


c teHM0 3 


[ Castor oil. 


UtitlsjiO^ 


Dihydroxy-I 
pteavic 


OuHajO^ 


Castor oil. 



Rape (Colza) Oil. — Commercial rape or colza oil is obtained from 
the seeds of several cultivated varieties of Brassica Campestris, Linn., 
the navew or wild turnip, a plant belonging to the natural order 
Cruciferae, cultivated very extensively in France, Germany, Austria- 
Hungary, Roumania, and Southern Russia ; also in India and China. 
The principal source of P^uropean rape oil (German, rapsbl) is rape 
seed or cole seed, from B. Campestrts var. Napus. B. CampestrU 
proper, cultivated in France and Belgium under the name 'colza,' 
yields colza oil (German, kohlsaatbl), and B. Campestris var. Rapa 
(B. Rapa oleifera, Linn.), grown in South Germany, yields the oil 
known as ' rubsen ' (German, rtibol or rubsenbl). These three oils, 
colza, rape, and rubsen, though botanically quite distinct, are similar 
in their chief physical and chemical characters, and are not dis- 
tinguished commercially, being all sold as rape oil. 

The rape seed which is so largely imported into Europe from India 
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for the manufacture of rape oil is the product of chiefly B. Campestris 
var. Glauca. Indian rape seed varies very much in size and appear- 
ance, according to the district in which it has been grown, the finest 
commercial varieties being known as yellow Guzerat and yellow 
Cawnpore, less esteemed kinds as Madras, brown Calcutta, brown 
Cawnpore, Ferozepore, etc. A seed known as Jamba rape,* which is 
said to yield a good oil, is occasionally exported from Kurrachi. 
Indian rape has some of the characters of mustard (possibly owing to 
the common practice of sowing the seeds together), in consequence of 
which the cake cannot be safely used for feeding cattle. t The 
resemblance between some kinds of Indian rape seed and white 
mustard seed has led to frequent mistakes and even lawsuits. Thus 
the seed known as 'Guzerat* resembles a mixture of ordinary rape 
with white mustard. The careful examination of Dr Wittmack, 
of the Berlin Agricultural Museum, however, has shown conclusively 
that the structural characters of the seeds are those of rape and not 
of white mustard, and there is reason to suppose that the white as 
well as the dark seeds are all the produce of the same plant. J 
Watts § mentions two other varieties of Indian rape, viz.: — B. Cam- 
pestris var. DirJwtoma aud B. Campestris var. Toria ; the oil from 
the former he terms Indian colza, and says it is chiefly used for 
anointing the body, that from the latter is probably mixed with the 
oil from the var. Glauca. The following results may be of interest 
as showing the characters of Indian rape oil extracted from the seed 
by ether in the laboratory : — 

Table XX. 



DESCRIPTION OF SBD. 



Yellow 
Guzerat 



I Sp. gr. at 60° F., . 

| Saponification value, per cent., 

j Iodine value, per cent, . 

I Oxidation test (see p. 255), . 



Brown 
Calcutta. 



Madras. 



0*9133 0*9146 | 09140 

17*50 17*42 | 1745 

97*8 1027 I 996 

1 grm. of the oil did not dry or become 
unduly thickened in 16 hrs. at 212° F. 



Rape seed, from B. Campesiris var. Chinensis (Chinese Cabbage), is 
cultivated extensively in China, and another variety, B. Campe#tris 
var. Cernua, in Japan. The oil of the hedge or wild radish, Raphanus 
Raphanistrum, sometimes called hedge mustard, is said to be mixed 
with and even substituted for rape oil in Hungary, i .. 

Rape oil is obtained from the seed either by expression or by 
extraction with solvents. In either case the seed is first thoroughly 
crushed in roller mills. In the process of expression the crushed 

* For its characters see Lewkowitsch, Analysis of Oils, p. 413. 

t Kew Bulletin, 1894, p. 96. 

X Kew Bulletin, 1877, p. 84 ; and 1894, p. 96. 

g Did. of the Economic Products of India, vol. i. pp. 522-528. 
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seed is first subjected to very moderate pressure in the cold, by which 
a considerable quantity of oil is obtained ; the cakes are again passed 
through the mill, and the meal is then heated and damped in 
a jacketed steam-pan called a ' kettle,' which process, by rendering 
the remaining oil more fluid, facilitates its expression, and at me 
same time coagulates some of the albuminous matter of the seed and 
prevents it from being expressed with the oil. The heated seed-meal 
is then rapidly moulded into cakes and subjected to hydraulic pres- 
sure. In the process of extraction with a solvent, by which meaas the 
largor proportion of the rape oil of commerce is now obtained, the 
crushed dry seed is placed in the extraction apparatus and exhausted 
with petroleum spirit, carbon disulphide, or ether, and the oil is 
obtained by distilling off the solvent.* 

Crude rape oil is dark in colour, and contains albuminous impurities 
which cause turbidity and set up fermentation, resulting in the 
partial decomposition of the glycorides with liberation of f red fatty 
acids. In order to remove these impurities, it is usual to refine the 
oil by agitating it whilst warm with a strictly limited proportion 
(0*5 to 1 5 per cent.) of sulphuric acid (Thcmard's process) siifficient 
to attack and char the impurities, which are more easily acted upon, 
without causing serious hydrolysis of the glycerides. After thoroughly 
agitating the oil with the acid for about f to 1 hour, sometimes 
longer, according to the quantity and quality of the oil treated, the 
mixturo is allowed to rest, and the suspended acid and impurities 
gradually settle out as a dark coloured magma (' foots '), leaving the 
oil bright and clear. The latter is then drawn off, washed by agita- 
tion with steam and hot water, again racked off and boiled with 
water a second time, allowed to settle, and 'baled' until bright. 

The following results are of interest as showing the effect of the 
acid refining process upon the acidity and other characters of rape oil. 
For the samples the authors are indebted to Mr. John F. Hutcheson 
of Glasgow, who kindly obtained them specially from Stettin. 

Table XXI. — Effect of Refining Rape Oil by Th^nard's Method. 





Brown Rape 


, Brown Rape 


Refined Rape 
Oil. 


Description. 


Oil from freshly 


Oil clarified 




crushed seed. 
1*58 


by settliug. 


Five (oleic) acid, per cent., 


098 ' 


226 


Specific gravity at 60° F., 


0*9146 


09147 ! 


0*9141 


Compilative viscosity at 60° F., 


104 


101 | 


100 


Saponification value, ]>er cent., 
Iodine value, j>er cent., . 


17*42 
101*8 


17-36 , 
100*9 


17*30 
102-3 


Maumene thermal value, ° C, 


570 


5625 1 


56-75 


Unsaponifiable matter, per cent., 


0-98 


095 | 


0*75 



* For a detailed description of oil mill plant, see A Practical Treatise on Animal 
and Vegetable Fats and Oils % by W. T. Brannt, vol. i chaps, x. and xl 
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Archbutt has found traces of free sulphuric acid in rape oil refined 
at Stettin and also at Hull (see p. 301). 

As the tendency of the acid refining process is to increase the 
acidity of the oil, an alkaline process would appear preferable. 
Everard's process, which consists in agitating the oil with a weak 
solution of caustic soda, has been applied to rape oil. One difficulty 
in the practical working of such processes is the tendency of the oil 
and alkaline liquor to form emulsions which are troublesome to 
separate, and to avoid this it has been proposed to use a liquid formed 
by melting soda crystals in their water of crystallization (Hageman) 
which is said not to emulsify. Milk of lime and calcined magnesia 
have also been suggested. 

Rape oil has been found to consist chiefly of the glycerides of 
stearic, rapic, and erucic acids, but the high iodine value of the oil 
points to the presence of an acid of the linolic or linolenic series. 
Genuine rape oil also contains a small and variable proportion of 
arachidic and, probably, lignoceric acids. Ponzio* found 0"4 per cent. 
of arachidic acid in one sample. A16nt found arachidic acid in the 
oil from Guzerat seed, but not in that from the European varieties ; 
he used Souchere's method. J Archbutt,§ byRenard's method (see 
p. 273), found 1*43 per cent, of arachidic (and lignoceric) acids 
in rape oil extracted by means of ether from Guzerat seed, and 114 
per cent, in commercial (Stettin) rape oil expressed from rape and 
rubsen seed. Of 51 samples of commercial rape oil which were 
specially examined by Renard's process, about two-thirds were found 
to contain arachic acids. Indian rape oil from B. glauca, seems to 
contain more of these acids than the European oil, and the extracted 
oil more than the expressed oil; of the latter, the cold-pressed oil 
probably contains less than the hot-pressed. These acids are also 
contained in mustard oil. 

Rape oil is by no means a non-drying oil, and as different samples 
vary considerably in oxidizing property, it is necessary to make a 
careful selection of the oil intended for lubricating. Rape oil is not 
suitable for delicate machinery. 

According to Schaedler, rape oil sets or solidifies at - 2° to - 10° C. ; 
but Holde states that all rape oils sooner or later solidify at 0° C. 
(32° F.). The result of the following experiment does not sup- 
port Holde's statement. Some genuine refined Stettin rape oil was 
placed in a glass tube, immersed in melting ice for 3 hours with- 
out stirring, and then for 3 hours longer, stirring at intervals. It 
remained clear and fluid. Some of the same oil, previously frozen, 
having been added, the oil was kept in ice for 3 hours longer, with 
occasional stirring, but the frozen oil slowly melted. The temperature 
was then gradually reduced to 14°-16° F. (-10° to -9° C), and the 

# J.f&rpr. Chem., 48 (1893), p. 487. 

t Svensk. Kemisk Tidskrifl, 1893, p. 179. 

X Lewkowitsch, Analysis of Oils, p. 445. 

g Jour. Soe. Chem. lnd. 9 xvii. (1898), p. 1009. 
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oil became very turbid, but after remaining for 2 hours at this tem- 
perature, with stirring, it did not lose its fluidity. After still further 
reducing the temperature to 11° F. (-11*6° C), and stirring, the oil 
solidified in about half an hour. 

Black Sea Rape OiL Bavison Oil — In the countries bordering 
the Danube and Black Sea, colza grows both wild and under culti- 
vation.* Oil expressed from the seed of the Black Sea district, 
known as ravison oil, is inferior in quality to, and much cheaper than, 
ordinary rape oil ; it has a higher sp. gr., higher saponification and 
iodine values, and more strongly drying properties than ordinary 
rape oil, and is usually of bad quality for lubricating. The un- 
acknowledged admixture of this oil with rape oil must therefore 
be regarded as adulteration. The chief properties of the oil are 
shown by the results in Table XXII. The samples of Black 
Sea oil and seed were kindly supplied by Messrs. Seaton & Co., of 
Hull 

Olive OiL — Olive oil is obtained from the fruit of the cultivated 
olive tree, Olea Europxa Sativa, the numerous varieties of which are 
grown chiefly in the countries bordering the Mediterranean, also in 
California and other countries where the climate is suitable. The 
fruit is very rich in oil, which is contained chiefly in the fleshy meso- 
carp, but also in the kernel and shell (endocarp). 

The finest olive oil is obtained t by hand picking the olives before they 
become too ripe, gently pressing them by hand in cloths and collecting 
the oil which exudes. The limited quantity of * virgin oil ' thus obtained 
appears to be used as salad oil, and some of it as a lubricant by watch- 
makers; it is purified by agitation with water, allowing the mucilaginous 
matter to subside, abd skimming off the clear oil from the surface. 
Oil nearly as fine is obtained on the large scale by crushing the ripe 
olives under millstones or between iron rolls, usually, though not 
always, without breaking up the kernels, and pressing the pulp, with- 
out heating it, in bags of esparto grass under very moderate pressure ; 
after purifying by agitation with water and settling, this cold-pressed 
oil is called 'superfine oil, 9 or frequently ' virgin oil, 9 and is used 
chiefly as a salad oil. The once-pressed marc is broken up, stirred 
with hot water, and again pressed, more strongly than before, yielding 
'ordinary oil, 7 which is said to be but slightly inferior to the cold- 
pressed oil. The twice-pressed marc, after being stored for a time and 
allowed to ferment (which facilitates the extraction of the oil), is re- 
ground so as to crush the olive stones, and after being stirred up with 
boiling water is subjected to the heaviest pressure obtainable with 
the appliances used; oil of inferior quality, called 'pyrene oil 9 or 
( bagasses oil, 7 is thus obtained. The residual marc still contains some 
oil, which is extracted by means of carbon disulphide or petroleum 
spirit and is known as * sulphocarbon oil 9 The last two kinds of 

* Spon's Encyclopaedia, vol. iv. p. 1385. 

t Spon's Encyclopaedia, toL iv. p. 1397 ; Alder Wright, Oils, Fats, and Waxes, 
p. 343. 
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oil are dark green or brown in colour (doe to the presence of chloro- 
phyll), consist largely of decomposition products, are very acid, and 
are fit only for soapmaking or dyeing. Some of the dark-coloured 



Table XXII.— Properties of Black Sea Rape Oil. 



Physical ahd 
Chemical Data. 


Knstendje 

Rape Ofl 

made from 

Wild Rape 

Seed from the 

Black Sea. 
Extracted by 
the CSa pro- 
cess. 


Black Sea Rape Oil 

Expressed and 

Refined. 

2 Samples. 


Oil extracted 

in the 

Laboratory 

from Black Sea 

Rape Seed. 

2 Samples. 


Oil extracted 
from Seed (b) 
after picking 

out 13-8 7. 

of Foreign 
Seeds. 




(«) 


(6) 


(a) 


Q>) 


Free add, at oleic acid, % 


243 


602 


2-8 


.. 




i 


Sp. gr. at«TF. f . 


0-9188 


0*9200 


0-9217 


0*9211 


0*9200 


0-9200 j 


Viscosity at 60° F., 
Saponification value, % 


About 6 7. 
lower than 
that of re- 
fined Stettin 
rape oil. 
17-79 


About 18 7 

than that of 

Stettin 

17*98 


. lower 
refined 
oil. 

17-89 


17*98 


17-81 


17-81 


Iodine value, . 


110-2 


110*7 


121-7 


111-5 


108-9 


1098 


Mannieng thermal value 

•c., 

Unsaponiflable matter, % 


668 


76 










145 


1*66 


1-64 








Arachic acida obtained 
by Renard'B process, 


0*797. 
(m.p. 704° C.) 


\ ■■ 








Colour Reactions, 












Milllautest, . 


neg. 


neg. 


neg. 






Badouin's test, 

Oxidation test. (1 grm. 
of oil exposed on a 
watch glass at 212" F. 
for 16 hrs.)> 


Rather more 
dried than 
Stettin oil, 

but not more 
thickened. 


Badly dried 
and much 

more 

thickened 

than Stettin 

oil. 


neg. 




j 


•i i 
Dried and much thickened. : 


Properties of Mixed 
Fatty Acida. 










«*.•**»£»... • 






0-8802 




Iodine value, . 


| 


1261 





For the constants of genuine rape oil, and the detection of adulteration, 

see p. 301. 



oils, even when nearly neutral, are of inferior quality for lubricating, 
owing to their tendency to thicken and 'gum* on the bearings. 
Oils known as 'huife tournante' and 'huile d'enfer' are much 
decomposed and highly acid olive oils recovered from residues, 
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and, though in demand for dyeing Turkey red, are quite unfit for 
lubricating. 

In the refining of the crude olive oil, it is sometimes allowed merely 
to rest in large tanks until the ' mucilage ' has deposited, undergoing 
during the time more or less decomposition, and often becoming 
spoiled for lubricating. Sometimes the oil is refined by washing with 
water alone, and sometimes it is washed with caustic soda. 

Olive-kernel Oil was lately believed to be quite different in pro- 
perties from ordinary olive oil (the oil of the mesocarp), having a 
sharp and bitter taste, a dark green or brown colour, and being 
readily soluble in alcohol, owing to the presence of much free fatty 
acid ; but it has been shown by Klein * that the characteristics 
hitherto assigned to olive-kernel oil are really those of pyrene oil or 
bagasses oil, the dark coloured and more or less decomposed oil ex- 
pressed from the stones and refuse of the first and second pressing of 
the olives. Pure olive-kernel oil, prepared both by cold and by warm 
expression from the kernels alone, without any admixture of the pulp, 
was found to have the following characters as compared with a 
sample of bagasses oil : — 

Olive-kernel Oil. Bagasses Oil. 
Sp. gr. at 60° R, . . . 0*9186 to 09191 0*928 

Saponification value, %, . . 18*23 „ 18*38 19*05 

Iodine value, . . . 87*0 „ 87*8 71*6 

Free fatty acids, %, . . 1*00 „ 1*78 71*12 

From these results it appears that pure olive-kernel oil is somewhat 
higher in specific gravity and iodine value, and lower in saponification 
value, than ordinary olive oil, but it does not naturally contain an 
excess of free fatty acids. The characters of olive oil will, it is 
evident, depend to some extent upon whether the process of extrac- 
tion has or has not been such as to include the kernel oil. 

Olive oil contains about 28 per cent, palmitin, 67 per cent, olein, 
and 5 per cent, linolein (Hazura). Stearin is absent (Hehncr and 
Mitchell). Traces only of arachin have been found in genuine olive 
oil, and Klein states that in olive-kernel oil he could find none. 

For the characters of genuine olive oil and the detection of adul- 
teration, see p. 305. 

Castor Oil. — Castor oil is obtained from the seeds of the castor oil 
plant, Iiiciiius commwiis, Linn., of which there are numerous 
varieties. The plant is indigenous to India, but is also cultivated 
extensively in the United States, France, Italy, Algeria, etc. It 
grows wild in Formosa, t and the oil is for the most part wasted ; but 
in Java the plant is cultivated, and the export of castor oil is likely to 
become an important industry. | Two varieties of the plant are 
recognised by Indian cultivators, one small-seeded and the other 

* Jour. Soc. Chem. Ind. t xvii. (1898), p. 1055 ; Analyst, xxiii. (1898), p. 284. 
t Jour. Soc. Chem. Ind., xii. (1893), p. 769. 
J Ibid., xiv. (1895), p. 821. 
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large-seeded. The oil from the former is the most highly esteemed, 
and is chiefly used for medicinal purposes ; it is expressed from the 
crushed seed without the aid of heat (' cold-drawn '), and after careful 
refining by heating with water 'is straw-yellow to greenish-yellow in 
colour, and nearly odourless. The oil for lubricating and burning is 
mostly got from the large-seeded kind, and is expressed partly cold 
and partly hot. The crude oil is refined by boiling it with water ; 
soluble matters (starch, gum, etc.) are dissolved, and albumen is co- 
agulated ; the oil is then clarified by filtering or settling. In India 
an ancient process, which still survives, consists of first roasting the 
seeds to coagulate albuminous matters and facilitate the extraction of 
the oil, subsequently crushing, boiling with water, and skimming 
off the oil which rises to the surface. Oil thus obtained is often very 
dark in colour, and odorous. It is sometimes exported in this con- 
dition, at others it is bleached by exposure to the sun, treated with 
charcoal, and filtered through flannel or paper.* 

Castor oil consists almost wholly of triricinolein, the glyceride of 
two isomeric hydroxylated acids, ricinoleic and ricinisoleic (C 18 H 34 3 ). 
Small quantities of tristearin and of the glyceride of dihydroxystearic 
acid (C 18 H 36 4 ) are also present, but neither palmitin nor olein.t 

Castor oil, in very cold weather, is liable to deposit a solid fat, but 
it congeals only at very low temperatures. It does not readily dry 
on exposure to the air, but turns rancid by oxidation. 

Owing to its peculiar composition, castor oil differs remarkably in 
solubility from most fixed oils. Thus it is easily soluble in alcohol 
(other oils being but sparingly soluble), and it is almost insoluble in 
petroleum spirit and in mineral burning and lubricating oils (in which 
other fixed oils are easily soluble). The ready solubility of castor oil 
in alcohol has been made the basis of a valuable test for the presence 
of adulterants in this oil (see p. 308). 

The limited extent to which castor oil and mineral oils are mutually 
soluble is of importance in the preparation of mixed lubricants con- 
taining the former. At 59° F. (15° C.) castor oil is practically in- 
soluble in petroleum spirit and in burning oil. In ' 865 ' Scotch 
shale oil, at the same temperature, it dissolves to the extent of 
about 1-1 £ per cent. ; '890' shale oil dissolves about 2-2 1 per cent, 
of it; and '907/12* American mineral oil dissolves rather more. 
Therefore, at the ordinary temperature, castor oil is very sparingly 
soluble in mineral oils ; the solubility is greater the more dense and 
viscous the mineral oil, it increases with rise of temperature and 
diminishes as the temperature falls. 

On the other hand, castor oil is able to dissolve mineral spirit and 
mineral oils in proportions which decrease as the sp. gr. of the 
mineral oil increases. The following table shews the maximum 
volumes which were found to give a clear solution at 59° F. (15° C.) 
with 10 c.c. of pure castor oil. 

* Jour. Soe. Chem. Ind. % xii. (1893), p. 770. 
t Lewkowitsch, Analysis of Oils, \k 420. 
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Table XXIII. 



Mineral Oil Employed. 


1 Maximum Volume ' 
Sp. Gr. mlacible with 10 cc 
atWF. of pure Castor OU 
! at 60- F. 1 


Mineral (petroleum) spirit, . 
' White Eose ' petroleum, 

Scotch shale oil, 

>» »> .... 
American pale mineral oil, . 


0692 
0-788 
0*865 
0-890 
0-907-0*912 


9*2 cc ! 
5*5 cc 
3-7 cc. 
2*45 cc 
1-7 cc 



Although pure castor oil thus almost refuses to mix with mineral 
lubricating oil, the difficulty entirely disappears if a third oil, such as 
rape, tallow, or lard oil, is present, a clear mixture of the three being 
readily obtained. Pure castor oil mixes with refined rosin oil in all 
proportions. 

Palm Oil. — Palm oil or fat, which is used to a limited extent for 
making railway wagon grease, is obtained from the fleshy covering 
(mesocarp) of the fruit of the oil-palms, Elais guineen&is and A. 
melanococca, which flourish in "West Africa. The fruit is gathered by 
the natives and stored in holes in the ground until the pulp has 
become softened by decomposition ; it is then pounded, and after the 
kernels have been separated the pulp is heated with water until the 
oil begins to exude ; it is then squeezed in rough nets, and the oil 
which runs out, mixed with more or less fibre, dirt and water, is 
collected, and forms the palm oil of commerce. It is not surprising 
that the fat prepared in this crude fashion is much decomposed, and 
consists, always largely, often chiefly, of free fatty acid. It is on that 
account a most unsuitable material for making lubricating grease. 
According to de Schepper and Geitel,* the most neutral brands are 
the following : Lagos, Loando, Old Calabar, Gold Coast, Sherboro, 
and Gaboon. The percentage of neutral fat ranges from 58-68 per 
cent, in the first-named to 79-93 per cent, in the last-named brand. 

Palm oil is, at ordinary temperatures, a soft fat, melting at 80°-97° 
F. when fairly rich in neutral fat ; the presence of much free fatty acid 
may, however, raise the melting-point to 108°-109° F. The chief 
constituents are free palmitic acid, palmitin and olein, with small 
quantities of linolein, stearin and another fat. The colour varies from 
yellow to deep red. The odour of the fresh fat is pleasant and quite 
characteristic 

Palm Nut Oil. — Palm-kernels contain an oil or soft fat which is 
quite different from palm oil. In chemical composition and char- 
acters it closely resembles coconut oil, having an exceptionally high 
saponification value (24*8-25-0 per cent.) and a very low iodine value 
(10-17*5 per cent.). It does not appear to be used as a lubricant. 

Coconut Oil. — Coconut oil is obtained from the white pulp of the 
* Lewkowitsch, Analysis of Oils, p. 519. 
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common coconut, the seed of the coconut palm Coco* ww ; ; 
which Nourishes abundantly in the tropical Pacific islands, the West 
Indies, tropical America, etc, The oil is obtained either ssion 

from the more or less decomposed pulp (native method), or by 
expression and extraction with a solvent from the dried pulp (* CO] 
which is imported into Europe for the purpose* The chief use of 
the oil is for candle and soap-making, but, according to Hurst, it is 
used as a lubricant for light-running machinery in India, and in this 
ry is employed in admixture with mineral oil as a lubricant 
for spindles and looms. A brief description of the oil is therefore 

Commercial coconut oil is at ordinary temperatures in this country 
a soft white fat, melting to a limpid oil at 68°~82° F., and usually 
Lining a more or less considerable quantity of free fatty acids, 
bam 5 per cent to as much as 25 per cent., according to 
Lewkowitsch, It does not, therefore, possess the properties of a 
desirable lubricant. Coconut oil has a complex and unusual com- 
position, consisting largely of the g] ol lauric and rav; 

acids, with some palmitic and oleic, and a notable proportion of 
volatile acids, caproic, caprylic, and capric ; conseqn accept 

from palm-nut oil, which it very closely resembles, it differs re- 
markably from other oils and fats. 

Tallow. — Tallow is the fat of certain ruminant animals, separated, 
by the process of melting or * rendering' from the enveloping 
membrane of the tissue. Beef tallow is obtained from oxen, mutton 
tallow from rams, ewes, bucks, and she-goats. 

The rendering of the fat on a small effected by heating tlm 

tissue, either alone or with the addition of water, in an open pan 
a fire, continually stirring to prevent burning, until the membrane 
has shrunk together and can be strained oil ; preferably, the pan is 
heated by means of a steam-jacket, which admits of more perfect 
:ol of the temperature. On a larger seal**, a more complete 
reparation of the fat from the tissue is effected by heating the latter 
in strong closed digesters, into which live steam undei re of 

i square inch is admitted, and the liberated ofl which 
rises to the surface of the condensed water is drawn off through a 
cock. Another method consists in boiling the fatty tissue in open 
▼easels with water containing sulphuric acid or caustic sod 
either of which the nitrogenous membrane of the cell walls is chemi- 
cally broken down and the fat liberated. The vm of sulphuric 
v. -onld be objectionable in rendering tallow intended for lubricat- 
ing, because it causes partial hydrolysis of the glyeerides and increases 
proportion of free fatty acids; but the employment of caustic 
soda, winch neutralizes and dissolves the fatty acids, would be 
advantageous. In rendering tallow for lubrication, the main pc 
to be attended to are to use only fresh fat, which haa not had time 
to undergo decomposition, and to perfectly remove, by settling 
and straining, ail water and fragments of membrane which, by 
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subsequent decomposition, might cause the resulting tallow to develop 
acidity. 

Neutral tallow consists almost exclusively of stearin, palmitin, and 
olein, and is softer in proportion to the amount of olein it contains. 
The latter, in genuine tallow, can be measured by the iodine value ; 
for since pure olein absorbs 86*0 per cent, of iodine, and stearin and 
palmitin absorb none, the iodine value of the tallow x -^^ is ap- 
proximately the percentage of olein. The relative proportions of 
stearin, palmitin, and olein in tallow vary according to the nature of 
the animal, its sex, breed, age, food, and the part of the body from 
which the fat is taken. The fat from the male is usually harder 
than that from the female, and mutton tallow is, as a rule, harder 
than beef tallow ; but, taking the average, the proportion of olein in 
tallow is about 46 per cent., and the remainder consists of stearin and 
palmitin in about equal proportions. 

Of the various descriptions of tallow (Russian, North American 
beef, South American beef, Australian beef, Australian mutton, home 
refined, etc.), average South American beef is, according to experiments 
by Deering and by Archbutt, the least acid (see p. 203), and, therefore, 
when genuine, the best adapted for lubrication and for general 
application to metal ; but there is no reason why preference should 
be given to any particular brand, if the results of chemical and 
physical tests prove the tallow to be of good quality. 

Tallow Oil. — Tallow at the ordinary temperature of, say, 60°-80* 
F., is a mechanical mixture of solid and fluid fats, in which the 
former predominate to a sufficient extent to give the appearance of 
solidity to the whole. If subjected to pressure, the fluid portion can 
be squeezed out, and is known as ' tallow oil ' ; the solid press-cake 
forms * tallwe stearinej and is used in the candle manufacture. The 
separation is facilitated by allowing the melted tallow to cool very 
slowly, without disturbance, in large tubs at a temperature of 70°-80° 
F. ; the crystallization of the solid portion then takes place in small 
granular particles resembling seeds, whence the process is known 
technically as ' seeding. 1 Some of the fluid portion drains through 
coarse flannel cloth placed upon perforated diaphragms near the 
bottoms of the tubs, the remainder is obtained by subjecting the semi- 
solid residue to pressure in canvas bags, as in the manufacture of lard 
oil (q.v.). 

Tallow oil differs, therefore, from tallow chiefly in the proportion 
of olein which it contains, and this proportion, and therefore the 
setting-point and some other characters, such as the iodine value, 
must vary according to the temperature at which the oil has been 
expressed. 

Tallow oil, as a lubricant, is used chiefly for mixing with mineral 
oils to increase the property of ' oiliness,' in which the latter are 
naturally deficient. 

Lard Oil. — Lard oil, expressed from rendered pig's fat or lard, is 
prepared in a similar manner to tallow oil. The more or loss chilled 
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lard is placed in close- textured woollen bags between wickerwork, 
and is subjected to moderate but long-continued hydraulic pressure 
(about 10 cwts. per square inch for 18 hours). As in the case of 
tallow oil, the solidify ing-point and other characters of the oil depend 
upon the temperature at which it has been expressed, wintor-pr. 
lard oil containing less of the solid < <>n ^ituents of the lard than that 
expressed in warmer weather. 

tllld oil is a nearly colourless, pale yellow or greenish 

coloured oil, highly esteemed as a lubricant, and consisting of olein 

with variable proportions of stearin and palmttin. The viscosity is 

the same as that of olive oil The setting- point may vary from. 

t 40* F. (4*4* C.) to several degrees below the freezing-point 

Neatsfoot Oil — Neatsfoot oil is obtained by boiling the feet and 
i with water. The feet are first skinned * and slit 
' udinally with a knife, which is passed between the sections of 
this hoof and continued between the long bones. A small mass of fat 
found near the hoof is scooped out with the knife and set apart for 
&q preparation of the best quality of oil (see below). The hoofs 
are washed in cold water, and then boiled with water in open pans 
B fire; the oil which rises to the surface of the water is skimmed 
off, and forms an inferior grade of neatsfoot oil. After about 3 
hours' boiling, the tissues between the horny hoof and the last 
bone are sufficiently softened to allow of the latter being easily soooped 
out of the hoof with a knife. These * cores/ consisting of bone, 
gelatinous matter, and fat, together with the small mass of fat found 
the hoof referred to above as being . before boiling, are 

mto a separata pan of fresh writer and boiled together for the 
extraction of the best kind of neatsfoot oil. Ten neat's feet yield 
from pints of a pale yellow, nearly odourless oil, which, on 

standing in a cold place, deposits a solid fat. The portion which 
remains fluid at a low fcetnper&tui d as a lubricant for clocks. 

Neatsfoot oil was formerly much esteemed and largely employed as 
a lubricant for engines and heavy machinery ; it is now used, like 
lard and tallow oils, chiefly for mixing with mineral lubricating oils. 
The extensive demand for neatsfoot oil in the leather trade has prob- 
1 its employment as a lubricant. 
Whale Oil — Whale oil proper is obtained from the blubber of the 
Greenland or Arctic * right' whale, Balana fits; but com- 

mercial whale oil includes the oil from the Southern right whale, 
ma Austral is, and various other species of Bahrna&ml BalcBntq 
icked whales) belonging to the tribe of BaJ or whale- 

bone-yielding whales. 

The oil which naturally exudes from the blubber of these animals, 
and which is also obtained by heating it with water, is mainly 
in character, and may be distinguished at once from the 

t>ils by its high specific gravity (above 09 19), and by yielding 
• Spon'a Ent\j€lopctdUi f vol, W, p, 1 
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Jess than 4 per cent, of unsaponifiable matter. Whale oil even of the 
best quality has marked drying properties, and, as a lubricant, is only 
fitted for very rough work ; it is used, however, to some extent for 
mixing with mineral lubricating oil. 

Sperm Oil. Arctic Sperm (Bottlenoee) Chi— These oik, obtained 
from two different kinds (genera) of whaler belonging to the family 
Physeteridce (toothed whales possessing no functional teeth in the 
upper jaw) are so similar in composition and general characters 
that they may conveniently be described together. True sperm or 
' southern sperm ' oil is obtained from the head-cavities and blubber 
of the Cachelot or great Sperm Whale, Physeter macrocephalw 
(sub-family, PhyseteriruB), formerly found in all seas up to 70* 
northern and southern latitudes, but now more scarce and con- 
fined chiefly to the Pacific and Indian oceans. Arctic sperm or 
bottlenose oil is obtained from the much smaller Bottlenose whale, 
Hyperoodon rostratus (sub-family, Rhynchoceti), which is caught 
principally in the Arctic seas between Iceland and Spitzbergen. 
Both crude oils contain spermaceti — sperm oil much more than bottle- 
nose — which crystallizes out on cooling ; it is separated by straining 
the oil through bags, and is used for the manufacture of sperm candles. 
Sperm oil is therefore liable to deposit spermaceti unless it has been 
bagged at a very low temperature. Allen states that practically the 
whole of the spermaceti is deposited by cooling the oil to 4° C. 
(392° F.). 

Neither sperm nor bottlenose oils contain glycerides ; they consist 
entirely of the esters of mono-hydric alcohols, and are, therefore, 
chemically classed as fluid waxes. According to Lewkowitsch,* the 
nature both of the alcohols and of the fatty acids is at present un- 
known. 

Sperm oil is pale yellow in colour, and when of good quality has 
only a faint odour; bottlenose oil is usually darker in colour than 
sperm oil, and has a more or less unpleasant odour and flavour. Allen 
lias pointed out, as a reason for this, that whilst the blubber of the 
sperm whale is commonly boiled down for the extraction of the oil 
■ tm board ship, immediately after the capture and death of the animal, 
the blubber of the bottlenose whale is brought home in tuns to be 
boiled down on shore, and has therefore undergone more or less de- 
composition before the oil is extracted. This difference in the treat- 
ment of the bottlenose blubber might be expected to increase the 
acidity of the oil, but, from the published results, the difference is not 
great (see p. 203). Allen states that bottlenose oil, if refined with 
alkali, besides being rendered neutral, loses much of its unpleasant 
odour and becomes straw-yellow in colour. Deodorized Arctic sperm 
oil is now an article of commerce. 

The low viscosity of sperm and bottlenose oils at 60° F. distin- 
guishes them from many other fixed oils. With rise of temperature 
both oils maintain their viscosity better than other fixed lubricating 
* Analysis of Oils, etc, p. 6*6. 
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.oils ; but the statement frequently made that the difference is sufficient 
to account for the superiority of sperm oil as a lubricant is, except as 
regards castor oil, an exaggeration. This will be made apparent by 
a comparison of the following series of ratios, which have been calcu- 
lated from the results in Table XXXIV. (pp. 154-157). 



Table XXIV. — Ratios of Viscosity of Sperm, Olive, and 
Rape Oils. 



Oil. 


<W P. 


UO'F. 


lfiO'F. 


212* F. 


. . . 


Comparative times of efflux. 


100 
100 
100 


46*5 
386 
394 


258 
173 
176 


18*1 
99 
98 


Sperm, .... 
Olive, .... 
Rape, .... 


! 
Comparative viscosities. 


100 
100 
100 


445 
374 
377 


20-2 
153 
15-8 


110 
69 
72 



Porpoise Jaw Oil ; Dolphin (Blackfish) Jaw Oil and ' Melon ' OiL 

— These very similar and remarkable oils are obtained from the soft 
fat of the head and jaw of two marine animals belonging to the family 
Delphimdce, viz. : — the common porpoise, Delphinus phoccena, and 
the bottlenose dolphin, Delphinus glolriceps. The fat is first washed 
in fresh water, then put into covered tins and heated for several 
hours in a closed digester with steam under the pressure of about 10 
pounds per square inch. The tins are then opened, and the liberated 
oil is poured off from the coagulated membrane and washed with water. 
It is then exposed to a low temperature, and the portion which re- 
mains fluid is separated. This oil, carefully strained to remove all 
solid fat, is a straw-yellow, limpid liquid. It is specially prepared in 
the United States for lubricating watches and other delicate mechan- 
ism, and commands a very high price. Chemically, it consists largely 
of the glycerides of valeric and other volatile fatty acids of the acetic 
series. 

' Melon Oil ' derives its name from the shape of the mass of fat 
taken from the head of the dolphin, reaching from the spout-hole US 
the end of the nose, and from the top of the head to the upper jaw. 
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When Uken off in one piece it has the shape of a half water-melon, 
weighs about 25 pounds, and yields about 6 quarts of oil. 

Specimens of these oils, and of the erode oils from which they are 
obtained, have been examined by Moore,* with the following 
results: — 



Table XXV.— Properties or Porpoise aot Dolphet Jaw Oils. 







Saponi- 


Hetwer 


Total 
Volatile 


SdcbeH 
Value, 


Iodine 


1 


DncEirnos or Oil. 


aeailon 
Value 

%• 


Valae 


ratty 
Adds as 
Valeric 

Add %. 


cere- 
quired by 
2*Sgrma. 


Value 


Porpoise jaw oil, skimmed 


25*37 


72-05 


19-91 


47-77 


49-6 




and strained, 












2 


Porpoise jaw oil, skimmed 
and strained, 


27-23 


68*41 


2430 


56-00 


30-9 


3 


Dolphin jaw oil, skimmed 
and strained, 


29-00 


66-28 


2817 


6592 


32-8 


4 


Porpoise jaw oil, un- 
strained, 


14-39 


96-50 


1-64 


2-08 


76*8 


5 


Dolphin body oil, 


19-73 


93-07 


2-71 


5*60 


99*5 



A sample of porpoise jaw oil examined by Steinbuch had a 
Reichert-Meissl value of 131*6. 

A sample labelled 'Superfine Watch OH,' manufactured by Ezra 
Kelley of New Bradford, Mass., obtained from a Derby watchmaker, 
had a pale golden-yellow colour, a sickly odour, and gave the following 
results : — 
Sp. gr. at 60° F., 0*930. 



Viscosity at 60° F. 



Reichert-Meissl value, 115-1. 
Unsai>oniuable matter, 10 6%. 



Thicker than sperm oil. Comparative 
runnings from a 5 cc. pipette showed 
the viscosity to be about 1*3 times that of 
sperm oil; = about 0*55 in absolute 
measure. 



(Easily soluble in 90 per cent, alcohol, and 
resembling in appearance the wax alcohols 
of sperm oil.) 



C— BLOWN or THICKENED 01X8. 

These are fixed oils, usually rape or cottonseed, artificially thick- 
ened by a process of limited oxidation, which consists in forcing a 
current of air through the heated liquid. The oil, contained in 
* Jour. Anur. Chtm. Soc, xi. (1889), p. 155. 
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a tall cylindrical iron vessel, is first raised to a temperature of about 
170° F. by a steam-coil, air is then blown through it in streams of 
bubbles, at first cautiously to avoid too rapid a rise of temperature 
and frothing over of the contents of the vessel, afterwards more 
vigorously until the required viscosity is attained. Steam is shut off 
before commencing to blow air, as, by the process of oxidation, suffi- 
cient heat is evolved not only to maintain but to raise the temperature 
of the oil, and, in order to avoid too great a rise of temperature, pro- 
vision should be made for passing, if necessary, a current of cold 
water through the steam-coil. Veitch Wilson states * that the tem- 
perature is usually allowed to rise to from 200° F. to 250° F., 
according to whether the quality of the product or the time occupied 
in the process is of the greater importance ; the time may thus vary 
from 18 to 48 hours. Very irritating vapours, containing acetic and 
acrylic acids, are given off during the process, and are conveyed away 
by a pipe in the cover of the vessel. 

Oils thus treated increase in density as well as in viscosity, and the 
blowing is continued until the desired specific gravity is attained. 
According to Veitch "Wilson, the blown oils produced commercially 
for lubrication range in specific gravity from 0*955-0*960 at 60° F., 
with a viscosity at 180° F. equalling that of castor oil at 60° F., to 
0*980-0*985 at 60° F., with a viscosity at 180° F. about four or five 
times greater than that of castor oil. 

Blown oils are paler in colour than the oils from which they have 
been produced, and they have a characteristic nauseous odour. 
Though sparingly soluble in alcohol, they are somewhat more soluble 
than the untreated oils, and they readily dissolve in petroleum spirit. 
They do not mix with mineral lubricating oils in all proportions, a 
certain minimum amount (usually 20-30 per cent.) of blown oil being 
necessary to give a clear solution ; this minimum is greater the lower 
the temperature, so that a mixture which is clear when warm may 
separate on cooling, and it varies according to the specific gravity and 
origin both of the mineral oil and of the blown oil. 

The nature of the chemical changes which occur during the blow- 
ing process has been studied by Fox and Baynes f and Thomson and 
Ballantyne,J but is not thoroughly understood. Glycerides of 
hydroxy acids are formed in considerable quantity (see p. 240), and 
the iodine value of the oil diminishes. Glycerides of insoluble fatty 
acids become largely converted into glycerides of soluble, chiefly non- 
volatile, acids, and the saponification value of the oil is increased. 
There is an increase of 1 J to 2 per cent, in the free fatty acids, but 
the percentage of unsaponifiable matter is not much changed. The 
evolution of heat in Maumene^s test is also much increased. The 
results in Table XXVI. were obtained by Thomson and Ballantyne. 

The blown oils chiefly produced for the manufacture of lubricants 

* Carpenter and Leaak, Soap, Candles, Lubricants, etc. , pp. 268-272. 

t Analyst, xii. (1887), p. 33. 

; Jowr. Sot, Chem. Ind., xi. (1892), p. 506. 



lis 



LUBRICATION AND LUBRICANTS. 



are blown rape oil, blown ravison oil, and blown cottonseed oil or 
' lardine.' Cottonseed oil is the most easily thickened by blowing, 
but the product does not mix so freely with mineral oil as blown 
rape oil of the same density, and the latter oil generally appears to 
produce a better lubricant ( Veitch Wilson). 

Blown oils in admixture with mineral oils are very largely used as 



Table XXVT. —Chemical Changes produced by Blowing. 



Chemical and Phytic*] 



Free (oleic) acid, % 

Saponification value, % 

Insoluble acids (Heliwr 

value}, % 

Soluble non-volatile acid* 

% 
Soluble volatile acida, % 

Iodine value, % 

Specific temperature re- 
action, 
Unsapoui liable matter, % 



Fatty Acfth. 

iodine value of insoluble 
acids, 

Molecular weight of in- 
soluble arid*, 

Molecular weight of sol- 
uble non-volatile nciuV* 

Molecular weight of *ol 
uble volatile netd*, 



tfn.1. 


No. % 


No, 3. 


5 

& 

I 
9 

e 

1 


it* 


hi 

el* 
It 


0-0111 


0-92/0 


0*9615 


BIO 


501 


7^09 


17*39 


13-30 


1949 


oi^je 


,.* 


85-04 


i q-52 j 




&-20 
0-82 


1005 


SS-4 


63*2 


155 




... 


Q03 




070 

665 
327 
241 
72 



So.*. 

■4 

18 
(I 

IS 



No. 5. 
] 

lis 



MSZ2 
4*3 
19-77 

3240 
11-16 

1-00 
636 

253 

2-80 



70-2 
317 



0-97-40 
3-38 

21:32 
84 "97 

9*00 

1-04 
66*4 

227 

1-00 

62*7 
296 

104 



I 



0-8799 
1-97 

13-04 



S2'l 



18-32 



Ko,7. 

Br 5 



0"89Sft 
3-27 
14-23 



67*1 



:h-65 



lubricants, and for certain purposes, such as the lubrication of marine 
engines, such mixtures appear to supply a distinct want The 
mineral oils entering into their composition are usually those of 
moderate viscosity, such as American pale '903/7.' Whether such 
mixtures are as suitable for railway work as those produced by mixing 
mineral oils of greater viscosity, such as American pale ' 910/20,' pale 
* 912/15/ or dark (reduced) machinery oils, with untreated vegetable or 
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animal oils such as rape or tallow oil, is a question which needs care- 
ful investigation. So experienced an authority as Mr. Veitch Wilson, 
who is a manufacturer of these oils, points out* that although mixtures 
containing blown oils have been used for several years without serious 
complaint, u it appears to be an anomaly that oils of well-known 
oxidizing tendency like those from cotton seed or rape seed should, 
after having their gumming and drying tendencies developed by 
blowing, be adopted as the basis for the production of lubricants ; 
the writer fears that, unless great care be exercised in removing super- 
fluous oil from bearings on which such oil is used, ftfl slow elimina- 
tion of the mineral oil by evaporation will produce troublesome* 
deposits on the machinery." 

Although blown oils for lubricating are chiefly prepared from 
rape and cottonseed oils, the following have also been thickened by 
the blowing process, viz. : — olive, lard, earthnut, castor, maize, seal 
and sperm oils. 

D.— BOSIN OIL. 

Rosin oil is the principal product of the destructive distillation of 
common resin (' rosin p or colophony). The distillation is conducted in 
cast-iron stills heated by a fire below. The charge of rosin varies 
from S to 10 tons. The first portion of the distillate, boiling between 
80* and 250 C. ( 170* and 482° F.), and amounting to about 2* to D per 
of the weight of the rosin, is a very complex, limpid liquid, known 
as resin spirit, which is used for varnish making and for the adultera- 
tion of oil of turpentine. This is followed, at a temperature above 
300* C, (MS 1 ; by the ram oil, which, if the distillation be pushed 
to dryness, may amount to 85 per cent, of the total products. About 
ut. of water containing a little acetic acid passes over during 
the distillation, and a considerable quantity of gas is given off, 
sisting of oxides of carbon and hydrocarbons of the ethylene series. 
A residue remains in the still, consisting of either pitch or coke, 
according to the stage at which the distillation is arrested. 

Crude rosin oil is a viscid liquid of more or less dark brown colour 
with a strong, usually blue or violet, fluorescence. It always con- 
tains a considerable proportion of rosin which has distilled over un- 
changed. By heating to a temperature of 150" C. (302° F.) for 3 to 4 
, the last traces of spirit are removed, the oil loses from 1 to 5 
per cent, in weight and acquires a green fluorescence. By mil 
boiling with water to expel acetic acid and redistilling once or twice 
from caustic soda, refined rosin oils are obtained which are pale in 
colour. The fluorescence or bloom is destroyed by exposing the oil to 
the air and sunlight in shallow vessels, or by treatment with hydrogen 
peroxide, nitro-naphthalene, etc. 

Commercial rosin oils usually range in specific gravity, according to 
Lewkowitsch, from about 0"96 to 99, but oils are met with huviug 
irpantflff a»*l Lea*k t Soap^ QinUlegi Lubricants^ *tc* t [>. 
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a f; trifle rarity a*, lirh a? lwl. Rosin oils are strongly dextro- 
rotatory, tit t.-ilii.-l v^ryinc from 30 to 40 degrees or more in a 
100 n.::.. t-:*.. T.'.est- :»r: p^rtie s, the reudy solubility of rosin oils it 
awt :»••*-.. Liji '.^riLi:. c-;ic: reactions, are made use of to distinguish 
li^n. :r:-T^ ::.::.■ rt». .«.^ =.**• p. »<4 i. 

};.•.-_:. .:> v hei t.trat-ed wuh alcoholic potash neutralize an amount 
■:f ^hl! ml.::, r^r.vs- ac-coriii:;: t:- the quantity of resin acids they 
•-•:•:. it::.. Aw:-:'!::; : : Le-:«.Is * tie crude oil? neutralize from 2*8 to 4*4 
;*: :■*:.;. ■:■: :•: t:.sh KOH .. b-t It careful distillation or refining they 
cfci: ":* ::»t.L:-r\ r . i..n.:>st Lrutrui Esters or anhydrides are also 
;•>.■*? :.t -wiii I: r.oi r-r-triiliie alk&^i in the cold, but can be saponi- 
i.v! by :i. i.: j w;;i :»:ta-i as ir. deterr^iTiing the saponification value 
»:■. i'l;. Tie rr> :. .v.-.d? ;-.-!, re obtained from the soap solution 
r: , tv.n.v;r!:^..j by &:.M:y::.g .'.i;.i shak::.£ with ether, after removing 
;:.• :.T.::r^I ::*:l :i -s le^r.bei ::. Chap. VII., p. l!15. Rosin oil 
:.l* tir ;. rjtirriy :t •: , :-r^":-.:-ii.z with eii'.ciuiu hydroxide and other 
ii^se?. : ■:=.::■.; >.■■.::'.:..: rre-sy boiios. This projierty is utilized in the 
r.-!:*.::"-. '•-:■•■ :: - - .■■■"<• ■">«■ r». 1 i?4 .. 

T:.r ■:: -^.'..-1 .*_.:•:■•-!:!.:: .f rosii. oil is not fully known. Accord- 
:: j ;■. }»•.:...:•"..* ti-e :.-...t:\.L cil. purine] from acid substances by wash- 
::..: -.r.;;_ . .»:.. ;..;.. sjl-tir.. c-o:.s:st5 to the extent of about 80 per 
it'..: .:' " ■"■ -. ■;/«' ■loiliicat 343 r -346 = l\ (G49 L -655 i F.); 
->.-: 1. ;■*: .-.:: :.- " •■ ■: ^ -.:*/• •.• iC : . HO. and about 10 per 
-.-:.:. .'_.:' . Tir iy .:::•: arbor. L\. H.. obtained by Renard, 

-«"..-:. •. v - It. : . ./: ::. :i.:. iiTv:.- :";•: ::vc days, absorbed about 
.: - :-: "... . : ::* ■..•■ *;..: .:" cxy _••:: ..:;'i ■Irird to a vand-h. 

:..?-.: . > ■..-■ '. ..- .. . / ::...:.; f;«r ha:-;hii:g jute. It is not suitable 
: : : -. . ."■ : ;.:..:. .: :n:. b::.v:y. b::t is usrd :■» adulterate mineral and 
.-.'..:'.. :. ..:.:. j ; .-. T:.v ^.etiods for ::* detection are given in the 
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S?Ar t::::ktr.ed Oils — M:::era! oils are sometimes artificially 

'.<-.' . . " / ". ->.'.v ,: siv.p ::. them. Aluminium soap is usually 

;• . ". : r :: > ;. :::vse. I: is prepared by saponifying whale, 

v. ■ *.. i .r i.r.i .:!. , r : v ::ev.::-.iiiz:r.g commercial oleic acid with 

-:. >v :.:. -.;:■..; • :: : : ^ ::.e s ■".;;: ion oi so.la soap gradually into a 

/..:■.:. ^: .;::::::■. .1::::. s:irri:;j: all the time. Crude aluminium 

•..::; -.■•'.»:..::> c.:* ...- a:: ir.so'uble. gummy precipitate, which is 

-,->■- ; :":.. ::v:r. w.-.:.r ar. : :;r.»:ed with about 4 times its weight of 

i:.e:..'. o:" v.: ::". di»;!vcd. The gelatinous material thus produced 

>,il :Vr t:.:,ke::i::g oils uiuhr the nami's * r^-vm,' 'oil-pulp* or 

•■■ *. -,' *■".:..' etc. A comparatively small quantity melted 

:o a mineral oil will considerably increase its apparent viscosity. 

• Jew. Sj\ C\em. /•'./., xi. .l>i v 2\ p 308. 
t Jow. Chan. &\\, ^SS, Abs., \\ Itfl. 
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Mineral oils thickened in this way can easily be recognised by the 
teudency to form threads when the oily cork is removed from the 
bottle, and by their peculiar non-homogeneous appearance, resembling 
a mixture of oil and jelly. The spurious viscosity rapidly diminishes 
when the oil is heated. Schweitzer regards this addition to mineral 
oils as pure adulteration, and states that experience has shown that in 
contact with water and steam the aluminium soap is precipitated and 
clogs the machinery. On the other hand, Bloede states that by the 
presence of aluminium soap the adherence of the lubricant to metal 
surfaces is much increased. 

Aluminium soap is not exclusively used as a thickener. A 
sample of thickened oil analysed by Archbutt had the following 
composition : — 

Russian mineral oil (0909), . . . 97*08 

Neutral fatty oil, -58 

Fatty acids as soap, etc., . . . .1*97 
Ash, chiefly CaCGa, .... 12 

99*75 

In this case, about 2 per cent, of lime soap was the thickener used. 
The Russian oil, freed from soap by washing with hydrochloric acid, 
had a viscosity at 60° F., about 3 times that of refined rape oil. The 
2 per cent, of soap made it so viscid at 60° F. that it would not flow 
through the viscometer. The sample had the appearance of a non- 
homogeneous mixture of jelly and oil, and formed threads in dropping. 

Soap- thickened Greases. — Under this name may be included the 
various greases which consist of mineral oil thickened with sufficient 
soap to form at ordinary temperatures a consistent grease. The soaps 
usually employed for this purpose are lime, soda, or lead soaps, made 
with various fats and oils. I. J. Redwood * has described in detail a 
process of manufacturing a grease of this kind from mineral oil, horse 
fat, and lime, from which the following is abbreviated. 

The fat is melted in a steam-jacketed kettle provided with a 
mechanical stirrer, and is raised to a temperature of about 180° F. 
Cream of lime is then added in sufficient quantity to saponify the fat, 
the cover is put on, and the whole is boiled and stirred until 
saponification is complete and a little of the soap rubbed down in the 
palm of the hand exudes only a few minute drops of water. A 
portion of the mineral oil at a temperature of about 190° F. is then 
slowly sprayed on to the soap in the kettle, and is thoroughly incor- 
porated with it by continual stirring ; a further quantity of mineral 
oil is then sprayed in cold, until the desired consistency is reached. 
After continuing to stir for about £ hour longer, the still hot contents 
of the kettle are run off through a cooling pipe into a grinding mill, 
in which all lumps are reduced and the grease is made of a uniform 
smooth consistency. It is then packed in casks. 

# Lubricants, Oils, and Qream (Spon). 
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e. Lead Soaf Grkabk. 

Mineral oil (0*900), 480 

Neutral fat, 87 

Fatty acids, 2-6 

Resin acid*, 9*9 

Lead oxide, 3*0 

Lime, 0*9 

Water, 27"2 

100*3 

Eailway Wagon Grease. — The yellow grease used in the axle- 
boxes of railway wagons is composed usually of tallow, palm oil, soso* 
and water. Lant Carpenter states that a grease containing from 1*1 
to 1 *2 per cent, of soda has been found to give the best results. The 
tallow and palm oil are heated to 180° F. (82° C), and a solution of the 
carbonate of soda in the water heated to 200* F. (93*5° G.) is allowed 
to flow into the melted oil ; the whole is then well stirred together 
and run into large tubs to cool slowly. The following formulae for 
greases of this kind are said to have stood the test of successful 
experiment. 



Table XXVIII.— Formula fob Railway Wagok Grease. 



Material*. 


Sumner. 


Medium. 


Winter. 


Tallow, 

Palm oil, ... . 

Sperm or colza oil, . 

Soda crystals, 

Water, 


22-0 

12-0 

1-0 

5-0 

60D 


20-0 

12-0 

T5 

5-0 

61*5 


18-0 

12*0 

2*0 

5*0 

63-0 


100-0 


ioo-o 


ioo-o 



The soda crystals (sodium carbonate) in the above formula would 
have the effect of neutralizing and forming a more or less perfect soap 
with the free fatty acids contained in the palm oil and tallow, but it 
would probably be better, instead of adding a fixed weight of sodium 
carbonate, to add sufficient caustic soda to neutralize the free acid 
actually present in the fat used. 

Sometimes a manufactured soap made from palm oil is added ; thus 
the grease formerly used on the Midland Railway was made by dis- 
solving 6 cwt. of palm soap in twice its weight of water and adding 
to the soap solution 6 cwt. of tallow and 2 cwt. of palm oil The 
well-stirred mixture was run into shallow iron pans in which it was 
stirred with wooden paddles until set. The palm 6il is now replaced 
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by a dark mineral oil, tbe process of manufacture remaining in other 
respects the same. The following is the percentage composition of 
this grease after allowing 2£ per cent, for loss by evaporation of water 
during manufacture : — 

Tallow, 23*3 

Palm oil or mineral oil, . . .7*8 

Dry soap, 16*3 

Water 526 

100*0 

In an experiment made on the Great Western Railway in 1865, 
under the direction of Mr. Clayton, now Carriage and Wagon Super- 
intendent of the Midland Railway, a train of passenger carriages 
lubricated with axle-grease ran 4999 miles in four weeks without 
replenishing the axle-boxes, and at the end of that time about 66 lbs. 
of grease had been used. This quantity was equivalent to 21 ounces 
of grease per 100 miles for the whole train, or 3£ ounces for each 
carriage, or less than 1 ounce of grease per axle-box per 100 train 
miles. 

Rosin Grease.— It has already been stated (p. 120) that rosin oil 
has the property of uniting with calcium hydroxide to form a grease. 

Rosin grease is made by stirring rosin oil with about three-fourths of 
its weight of slaked lime made into a cream with water. The oil and 
lime rapidly unite, extruding the superfluous water, which is drained 
off, and the grease is diluted by gradually stirring in a further quantity 
of oil, until the desired consistency is attained. The oil used for 
diluting may be rosin oil, petroleum oil, or neutral coal-tar oil (' grease 
oil/ naphthalene oil). Barytes, gypsum, whiting, and other filling 
materials are also sometimes added. 

I. J. Redwood describes the following method of making a ' set- 1 or 
axle- grease from rosin oil and mineral oil : — Pry sifted slaked lime 
and twice its weight of mineral oil are thoroughly stirred together for 
several hourR, until a perfectly uniform mixture is produced. A 
certain quantity of this prepared liquid, called the ' lime part/ is run 
into a barrel or other receptacle, and, whilst being vigorously stirred 
by means of a perforated metal disc attached to a handle, which is 
worked up and down in the barrel, the rosin oil or ' set ' is quickly 
run in, and the whole is stirred for a few seconds and then allowed to 
remain at perfect rest until thoroughly set, which will take place in 
from 5 to 15 minutes. 

Rosin greases are used to lubricate the iron axles of colliery trucks 
and ordinary road vehicles. They are not suitable for brass bearings, 
on account of the rapidity with which the grease acetifies under the 
influence of heat and friction.'*' The composition of rosin grease 
is shewn by the following analyses: — 

# Mills, Destructive Distillation, p. 98. 
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Hydrocarbon oil (0*954), .... 87*7 

Resin, 3*7 

Slaked lime (CaCOHJj), .... 6*4 

Water, by difference, .... 2-2 

1000 



Hydrocarbon oil (0*962), .... 86*6 

Resin, 70 

Slaked lime (C^OHW, .... 4-5 

Water, etc, 1*9 

100-0 

Screwing and Drilling Liquids.— The liquid used for lubricating 
cutting tools is usually a solution in water of soft soap and soda. The 
liquid used at one works is made by boiling in 100 gallons of water 
18*5 pounds of soda and 15*5 pounds of soft soap. Another lubricant 
of this kind was found by analysis to be a solution of rosin soap in 
rosin oil It had the following composition : — 

Resin oil, 749 

Resin acids, 235 

Soda(Na20), 15 

Oxide of iron and lime, .... '1 

1000 



CHAPTER VI. 

PHYSICAL PROPERTIES AND METHODS OF EXAMINATION OF 
LUBRICANTS. 

A.— VISCOSITY AND VISOOMETBY* 

Thb meaning of viscosity having been explained and the subject 
discussed generally in Chapter II., the methods of measuring the 
viscosities of oils and other liquids (' viscometry *) will alone be 
considered here. Various methods have been proposed, based upon 
such observations as the rate of ascent of air-bubbles or hollow glass 
spheres in the liquid* ; the torsional vibration of a disc in its own 
plane when suspended by a wire and immersed in the liquid f ; the 
speed of rotation of paddle wheels, cylinders, etc., immersed in the 
liquid and kept in motion by a falling weight,]: etc., etc. None of 
these methods have proved satisfactory or come into general use. 
The most accurate, and the most generally employed method for 
exact work, is that of Poiseuille, in which the rate of flow of the 
liquid through a capillary tube under known conditions of temperature 
and pressure is measured ; but for commercial purposes the compara- 
tive viscosities of lubricating oils are almost invariably ascertained by 
measuring and comparing the rates of discharge (' efflux velocities ') 
of the oil and of some standard liquid from a small orifice or jet. 

We shall commence with a description of the method of Poiseuille ; 
for although that method has never come into general use for com- 
mercial purposes, it has occasionally been employed for a special 
purpose, and we have used it for determining the viscosities of mixtures 
of glycerol and water from which the table on pp. 134-137 was 
constructed. 

Absolute Viscometry. 

Determination of Viscosity in Absolute Measure — Poiseuille's method 
of viscometry depends upon the following facts, which he proved 
experimentally: — (1), that the rate of flow of liquid through a 

• Milla. See Redwood, Petroleum^ vol. ii. p. 619. 

t Doolittle, Jour. Ainer. Chem. Soc. t xv. (1893), p. 173 ;and Jour. Soc. CAm. 
I mi., xii. (1893), p. 709. 
t Napier and CockreU. See Redwood, Petroleum, vol. ii. p. 61&. 
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apillary tube of suitable dimensions is proportional to the pressure, 
and inversely proportional to the length of the tube, and (2), that the 
rate of flow through a capillary tube of cylindrical bore is proportional 
to the fourth power of the radius of the bore. Prof, Osborne Reynold* 
has shown* that to ensure these conditions of steady viscous flow the 

proportions of the tube must be such that u — is less than 700, where 

i n is the radius of the bore, *J the mean velocity of the fluid, d the 
rifcy of the fluid, and rj its viscosity. The viscosity of the fluid in 
absolute measure is then given, approximately, by Poiseuille's 
formula, 

t__*ffdkrtH 
; 
1 



1= •*. 



S\a 



in which g is the acceleration due to gravity, d the density of the 
fluid, h the mean head, / the time, V the volume of liquid discharged, 
and a the length of the tube. 

Tu obtain the true viscosity, corrections must be made r (a) for the 
us resistance to the flow of the liquid at the ends of the tube ; 
(/3) for the abnormal flow of the liquid on first entering the tube ; (y) 
for the kinetic energy with which the liquid leaves the tube ; and 
(8) for the resistance due to surface tension effects at the discharge 
ice. Corrections a and /? have never yet been devised, but errors 
due to these effects may be reduced to very small proportions by 
making the tube long. Correction y is made by deducting from the 

imean head a quantity — —; this correction may be made very small 
by using a tube so narrow and so long that the movement of the 
low. The error due to surface tension effects, which 
IS, is so variable that the correction 8 is best eliminated 
ether by immersing the discharge oritice in the liquid and making 
luction from the h 

Description of an Absolute Viscometer.— The apparatus employed by the 
authors is illustrated in fig. 35. The capillary tube A \wis carefully 
f/rl calibrated from end to end, and was found to be of prad 
through a lent magnifying 20 diameters, tin 
cylindrical in section. The diameter, calculated 
+ of mercury required to fill the tube, was trill K) mm., and 
lie tube, measured by a WhitwoTth machine, wat -2\[i { j\ cm. 
Thus the length was about 350 diameter, and, as we estimate from 

lade with Redwood's viacomete] that the magnitude of the 
above) is about equal to the friction of a length of capillary 
till* equal- meler of the We, from thin 

morv- ' too high. The kinetic eiiergy eomctia 

rdl, owing to the narrowness of the hore, amounting to 

only' bead in the CftM of water (viscosity = U 01), and, 

being quite negligible in the case of all pt the 

, and in that making a difference of only 05 per cent., 
or 2 in the fifth decimal place. 

# See Chap. II. 
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Fio. 35.— Absolute Viscometer. 



Tlie capillary tnbe was 
ground into the neck of the 
reservoir B, and was connected 
at ita lower end, through the 
wide glass tnbe C, with the 
measuring tnbe D. The glass 
water-jacket E for maintain- 
ing the temperature constant 
contained a stirrer of bran 
wire H and a thermometer K, 
indicating tenths of a degree 
centigrade. By drawing off 
a little water through the 
tube M, and adding either 
wanner or colder water 
through the funnel tube 0, 
and vigorously stirring, the 
slightest alteration in the 
temperature of the bath could 
be corrected at once. This 
is a most important point, 
for the viscosity even of water 
undergoes a remarkably rapid 
alteration with change of 
temperature. Thro, the vis- 
cosity of water, which is about 
0*013 at 10° O, mils to 0010 
at 20° C, or an average 
diminution of 2*3 per cent, 
per degree. The viscosity of 
oils, especially mineral oils, 
and of many other liquids, 
changes at a much greater 
rate. Bearing in mind the 
great importance of keeping 
the temperature of the liquid 
constant, the india-rubber disc 
P, closing the lower neck of 
the waterjacket, was made 
only about A inch thick and 
was pushed nigh up into the 
neck in order that the pro- 
jecting end of the capillary 
tube below the water-line 
should l)e as short as possible, 
and well screened from cur- 
rents of cooler or warmer air. 
The tubes C and D, which 
were not part of the original 
design of the apparatus, were 
added in consequence of the 
erratic results caused by the 
varying tension of the free 
surface of the liquid (correc- 
tion J), when the end of tha 
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capillary tube was open to the air. D was drawn out to a point at the 
Uppet and, in order to prevent, or reduce to ft minimum, evaporation of, 
or alworption of moisture from the air by, the liquid in the tul«. 
D was not jacketed ; but as all our experiments with this apparatus 
were made at 20* C*, which was v^rv Qe*CiY the temperat 
laboratory, any error due to the very slight difference in the ten 
and therefore in the density, of the (raid in D as compare*! with that 
must have been quit Thi tulje D was carefully calibrated, and 

the capacity in ex, per millimetre, from the zero mark If upwards, was 
accurately ascertained! The reservoir B was also calibrated, from the zero 
mark h downwards. The vertical distance between the two zero marks, 
measured by a cat. he to meter, was £5 50 cm. The shaded portions of the 
figure represent indiarubU cms. 

Mdhm of Experiment. — The tube C was first of all disconnected from tubes 
A and D, and each was thoroughly well washed with wat< insed 

ilcohol and ether, and dned by aspirating air through it. Having 
filled B, A, and C, rod m I) with the liqfl 

be tested, C was again fixed in position, taking care that no air bubble* were 
entrapped, and that the ends of the tube, were pushed into elan contact with 
i A and D. The height of D was then adjusted iu the clamp 
holding it, so that the zero mark i' was exactly level with a fixed mark on 
the capillary tube A. The upper end of the capillary tube was closed, 
meanwhile, by a valve made of a small cork fixed on the end of B 
wire. The liquid was allowed to remain at rest until the temjieralure had 
i flown to exactly 20° (J* and during this time the free surface of the 
liquid in B and D were accurately adjusted to the zero marks. All • ■ 
ready, and the liquid perfectly motionless the cork valve was raised an 

I allowed to flow ; the time was then measured which the meniscus in 
D took to rise between two points, the heights of which abov 

ively measured by a cai r. In experimenting with a thin 

like water, the fluid rose in D with comparative rapiuity, and after 
experiment the valve was closed and the liquid readjusted U 
rks ; but with the glycerin solutions the rise took place so slowly 
several successive observations could be taken without stopping ti. 
liquid. The excess of tension of the u: narrow tube Dover 

that in the wide tube B was ascertained separately for each liquid by con* 
necting D with a tube of the same diameter as B, without the interiu 
capillary i 1 1 ting with the cathetomeier th. 

of the liquid columns which balanced each other in the two tubes ; this 
difference was added to the measured head. 

The apparatus, as shown in fig. 35, was found to give very good results 
with Liquids whose viscosity did not exceed that of rape oil (about 1*11 at 
60* F.). With more viscous fluids, the movement was so sluggish that it 
was found necessary to increase the pressure by lowering the t d D 

and inserting a connecting tube between C and A. In these experiments, the 
head was measured by the cathetometer on a millimetre scale suspended 

» vertically by the side of the apparatus. 
Experimental Determination of the Viacoeity of Water at 20* C. — This 
determination was made to test the capabilities of the apparatus and 
method of working, The distilled water used was well boiled in a 
silver flask to expel dissolved gases, cooled, to 20° C, and immediately 
introduced into the viscometer. 
t, the mean time of flow, was measured by a stop-watch which was started 
and stopped as the meniscus in D passed two points, 2*155 cm, and 
iwpMmkjt above zero (6). Five experiments were made, 

I 





130 LUBRICATION AND LUBRICANTS, 

and the times recorded were 136 2, 136*3, 135*8, 135*9, and 135*8 

seconds ; hence the mean time was 186'0 seconds. 
V, the volume of water flowing through the capillary tube in t seconds, 

was the capacity of D between the two points above referred to, and 

amounted to 400756 ex. 
h 9 the mean head of water, was calculated by subtracting from the vertical 

distance bfr, the initial and final distances of the liquid surfaces below 

b and above 6', one centimetre of tube D being equal in capacity to 

0032 centimetre of B. Thus :— 

Centimetret. 

Initial head = 25*50- 2*155 -( 2*155 x 0032)= 23*28 

Final head =25*50-10*83 -(10*83 x 0*032)= 14*32 



Mean = 18*80 
Add excess tension of meniscus in D *28 



Mean head (h) = 19*08 

Subtract for kinetic energy of efflux (h l ) 1 

-, where v=^(WiU>crf<yrce) > *= "098 

g wr H 



'} ■ 



Corrected mean head (h - A 1 ) = 18*982 cm. 

d, the density of water at ?5- C, = 0*998259 

4 

r^ the radius of the capillary tube, = 0*0309 cm, 

a, the length of the capillary tube, = 21*991 cm. 

g, the acceleration due to gravity, =980*51 cm. seconds. 

», = 3*14159 

Then, by the formula (Poiseuitte-Wilberforce) 

, = ^V(A-fc|) =0 . 01028 

8Ya 

Therefore, the absolute viscosity of water in C.Q.S. units at 20° C. determined 
by this apparatus is 0*01028 dyne per eq. cm * 

Viscosities at 20° C. of Mixtures of Glycerol and Water. — The 

glycerin used for these determinations was purchased as pure from 

20° 
Messrs. Ilopkin & Williams. The specific gravity at — 5 C. was 

1*2568, corresponding to 98 per cent, of glycerol and 2 per cent, of 
water according to Gerlach's table. The viscosity of this was care- 
fully determined, without dilution. It was then mixed with distilled 
water. Six different mixtures were prepared, having a suitable range 
of viscosities, and the specific gravity and viscosity of each mixture 
were carefully determined. The data and results obtained are given 
in the following tables. 

* Magnus Maclean (Physical Units, 1896) gives the value 0102, based upon 
results obtained by Sprung (1876), Meyer (1877), and Slotte (1883). Thorpe 
and Rodger {Phil. Trans. , vol. clxxxv. a, p. 897) obtained the value 0*010015, and 
have recalculated the values obtained by previous observers with the following 
results :— Poiseuille, 0*01008; Sprung, 0*01008; Slotte, 0*01008. 
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Table XXIX— Viscosities in Dynes per sq. cm. of Mixtures 
of Glycerol and Water, 



20° 

Glycerin No. 1.— Specific Gravity &t-=£i 



1-1007 



H 1-0988 
Glycerol = 40*0 % (Qerlach). 



Number of 
Experiment. 


Volume (V) 

C.C 


Mean Head 
(A) cm. 


Timet*) 
Second*. 


Viscosity 
(1). 


1 
2 
3 

4 


0-9298 
1-3809 
2-7868 
3-7062 


2251 
17-87 
21-48 
2045 


89*3 
1678 
2787 
3901 


00379 
0*0381 
0*0377 
0-0378 



Glycerin No. 2.— Specific Gravity at 



2(T 
20° 
20° 

4° 



1-1848 
1-1828 







Glycerol = 


71-04 % (Gerlafih). 


Number of 
Experiment. 


Volume (V) 

C.C 


Mean Head 
(A) cm. 


Time (t) 
Seconds. 


Viscosity 
<l). 


1 
2 
3 


0-9297 
0-9298 
0-9188 


22-75 
2017 
1759 


5116 
5741 
654-2 


0*2364 
02351 
02365 



on 

Glycerin No. 3.— Specific Gravity at |^- 1*2057 

„ *? 1-2037 

Glycerol = 78'78 % (Gerlach). 



Number of 
Experiment. 


Volume (V) 

CO. 


Mean Head 
(A) cm. 


Time ft) 
8econ<U. 


Viscosity 


W 1 
o§ 3 


0-4647 
0-4651 
0*4652 


2347 
21-92 
20-37 


518-2 
549-1 
579*4 


0*5029 
0-4972 
0*4875 


w 3 6 


06976 
0*6973 
06895 


2203 
1997 
17-91 


817*6 

9053 

1014-2 


0*4962 
0*4982 
0-5062 
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Glycerin No. 4.— Specific Gravity at 



20T 

XT 
4* 



1-2155 



1-2134 

Glycerol = 82-41 % (Gtrlaek). 



Number of 
Experiment. 


Tatame(V) 
cc 


MmHMd 
(A) cm. 


Second*. 


Vfcooatty 


1 
2 
3 


0*4644 
0-6971 
0-6977 


24*61 
23-22 
21-36 


729-3 
1165*6 
1262-5 


0-7486 
0-7520 
0-7486 



Gltcxbin No. 5.— Specific Gravity at 



XT 
20* 

4° 



1-2240 



1-2218 
Glycerol = 85*55 % (Gerfcu*). 



Number of 
Experiment. 


Volome (V) 

cc. 


Mean Bead 
(A) cm. 


Time (0 
8econaa. 


Viacodtj 
Of). 


a* 5 


04645 
0*6973 


2412 
22*62 


1099-9 
1742*0 


11142 
1*1024 


•9-S 3 

S ? 4 

j CT £ 5 


0*4649 
0*4652 
0*4646 


22*26 
21*02 
19*77 


1193*0 
1258*0 
1345*0 


1*1144 
11089 
1-1166 



• 20° 

Glycerin No. 6. — Specific Gravity at — 



1-2463 



2Cf 
4° 



1*2441 

4" 

Glycerol »= 93*96 % (Gerlach). 



Number of 
Experiment. 


Volume (V) 
cc. 


Mean Head 
(A) cm. 


Time ft) 
Second*. 


VUcoalty 


1 
2 
3 

4 


0*4645 
0*4649 
0*4652 
0*4640 


98*63 
97*19 
95*43 
93-99 


969 

980 

1001 

1015 


4*0861 
4*0687 
4-0779 
4*0832 
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Glycerin No. 7.— Specific Gravity at 



20° 

20° 

» » 4*- 

Glycerol - 98*0 % (Gerlach). 



1*2668 
1-2646 



Number of 
Experiment. 


Volume (V) 

C.C. 


Mean Heed 
(A) cm. 


Time (t j 
Seconds. 


Viscosity 


1 
2 
3 


0*4644 
0-4648 
0*4660 


99-26 
9770 
96-46 


2030 
2061 
2103 


8-6884 
8*6337 
8-7366 



Collected Results and Mean Values. 



Glycerol and Water.— Viscosity at «T C. 


20° 
Sp. gr. at ^5 

20° 

Glycerol % 
(GerlacK) 


11007 

1-0988 
40-0 


1-1848 

1-1828 
71-04 


1-2067 

12037 

78-78 


1-2165 

1*2134 
82*41 


1-2240 

1-2218 
86-55 


1-2463 

1-2441 
93*96 


1-2568 

1*2546 
980 


n 


0-0379 
0-0381 

0-0377 
00378 


0-2364 
0-2361 
0-2366 


oooooo 

tO tO tO O* tO CO 


0-7486 
0-7520 
0-7486 


1-1142 
11024 
11144 
1-1089 
1-1166 


40861 
4-0687 
40779 
4*0832 


8-6884 
8-6337 
87366 


Mean values 
of If 


0*0379 


0-2360 


0-4980 


0-7497 


1-1113 


4-0790 


8-6862 



The logarithms of the mean values of 17 in the above table of 

collected results were plotted upon a diagram as ordinate*, and the 

20° 
specific gravities at — ^ as abscissae. It was found that a very 

regular curve could be drawn through the seven points, confirming 
the general accuracy of the results. By means of this curve the 
lengths of the ordinates corresponding to specific gravities ranging 
from 1*00 to 1*262 were carefully measured and gave the values of 
the corresponding logs, of 17 to three decimal places. On tabulating 
these logs, it was found that the increment was not quite regu- 
lar, owing to the unavoidable irregularity of the curve as drawn. 
A systematic correction was therefore made which, while not altering 
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the values of the logs, beyond the possible errors of experiment, made 
the increment a regular one. The corrected logs, thus obtained are 
given in Table XXX., with the corresponding viscosities to four 
figures.* 



Table XXX.— Viscosities, in Dynes per sq. cm., op Mixtures 
op Glycerol and Water, 



*t w c. 



Vlscdslty 



1-000 
I'OOl 
1-002 
1-003 
1004 
1-0O5 
1-006 
1-007 
1-006 
1D09 
1-010 
1-011 
1-018 
1-013 
1014 
1-015 
1-016 
1-017 

rois 

1*019 
1-020 
1-021 
1'022 
1-023 
1-024 

1-026 
1-027 
1-058 
1-029 
1-030 
1-031 






■01028 
■01040 
-01063 
-01065 
-01078 
•01091 
-01104 
-01118 
■01131 
-01146 
-01159 
-01173 
*01 187 
-01501 
■01216 
'01231 
-01246 
■01261 
-01276 
•01292 
■01307 
•01323 
'01339 
-01356 
■01372 
■01389 
'01406 
-01424 
'01441 
-01459 
'01477 
-01495 



i. ■■£, nl 
Visually. 



g'01183 
2-01703 
2-02223 
2-02744 
2t>3265 
2-03786 
|-04307 
2-04829 
2-05351 
2-05873 
2-06395 
2-06918 
2'07441 
2-07964 
2'08488 
2-09012 
2-09536 
2-10061 
2-10586 
2-11112 
2-U636 
1-12165 
2-12692 
§13220 
2-13748 
2-14277 
2-14806 
2-15336 
2-15866 
2-16397 
2-16928 
2-17460 



Differ* 



620 
520 
621 
531 
521 
521 
522 
522 
522 
622 
523 
523 
523 
524 
524 
524 
525 
525 
626 
526 
527 
627 
528 
528 
529 
529 
530 
530 
531 
531 
532 



Sp> Gr. 
*t|£ C, 



1-032 
1-033 
1-034 

1-035 
1-036 

1-037 
1-038 
1-039 
1-040 
1D41 
1-042 
1D43 
1-044 
1'045 
1-046 
1-047 
1-048 
1-049 
1-050 
1051 
1-052 
1-053 
1-054 
1-055 
1-056 
1-057 
1-058 
1-059 
1-060 
1-061 
1^062 
1-063 



Viicwity 

At acre. 



-01513 
•01532 
-01551 
'01570 

-01590 
-01609 
-01829 
-01650 
♦01670 
D1691 
■01712 
-01734 
■01756 
-01778 
•01800 
■01823 
01846 
•01870 
•01893 
■01917 
-01942 
-01967 
-01992 
■02018 
-02044 
-02070 
■02097 
-02124 
-02151 
1)^1 7£J 
'02207 
•02236 



Log> of 
VlioorttF. 



217992 

|'18525 
2-19058 
219592 
2-20127 
2-20663 
2*21200 
2-21738 
222277 
2*22817 
223358 
2-23900 
2-24443 
224987 
2-25532 
2-26078 
2'26625 
2-27173 
227722 
2-28272 
2-28823 
229375 
2"2!.l!>28 
2-30482 
2-31037 
231593 
2-32150 
2-32708 
2-33267 
2-33827 
2-34389 
2-34953 



Dtftr- 



532 

533 

533 

534 

535 

536 

537 

538 

539 

640 

541 

543 

543 

644 

545 

546 

547 

548 

549 

550 

551 

652 

553 

654 

655 

656 

557 

558 

559 

560 

562 

564 



* Schottner (SUzungsberichte der Kaiscrlichen Akademie der WissenschafUn 
Wicn } vol. lxxvii. (1878), p. 682 ; and vol. lxxix. (1879), found the viscosity of 
pure glycerol at 20° C. — 8 '304, but as he states the specific gravity at 20° (5. — 
1 2516 the correctness of his result is open to question. Schdttner's figures for 
dilute glycerin do not fall on any regular curve, and we have been unable to 
make any use of them. 
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Table XXX^VreoosmEs, in Dynes pbr sq. cm., op Mixtures 
of Glycerol and Water— continued. 



rtp.or. 



1-064 
1-065 
1-066 
1-067 

i-oea 

1*069 
1-070 
1-071 
lt>72 
1-073 
1-074 
1*076 
1D76 
1-077 
1-078 
1-079 
luso 
1*061 
1-062 
1-083 
1084 
1-085 
1066 
1-067 
1088 
1-089 
1-090 
1*091 
1-092 
1-093 
1094 
1-095 
1-090 
1-097 
}u;h 
1*099 
1100 
1-101 
1-102 
1103 
1104 
1105 
1106 
1*107 
1108 






Log. of 



-02266 

-02296 



-02337 
■0:23*8 
■0^420 
03452 
■02486 
■02519 
-02553 
'02688 
-05623 
'02659 
■02695 
02732 
-02770 
■02809 
■02848 
■02887 
*02928 
■02969 
■03011 
-03053 
-03097 
-03141 
-03180 
•03232 
■03279 
■03327 
-03376 
•03426 
♦03476 
-03528 
•03581 
*03635 
•03689 
-03745 
-03802 
-03860 
03920 
03980 
■04042 
-O4105 
'04169 
04235 



£-35519 

2-36087 
236657 
|-37229 
2-37803 
238379 
2-38957 
2-39537 
2-40119 
1-40703 
1-41289 
|-41877 
2*42467 
1-43059 
243653 
2-44249 
1-44847 
245447 
2'46049 
1*40653 
f'47259 
2-47867 
2-4S478 
2-49092 
2-49709 
2-50329 
|-50952 
2-51578 
§■52207 
£-52339 
f-53474 
2-54112 
164753 
§■55397 
2*56044 
S-66694 
2*57347 
|-68003 
2*58662 
2*59324 
2-59989 
2*60657 
2-61329 
2-62005 



DliTer- 



566 
568 
570 
572 
674 
576 
578 
580 
582 
684 
586 
588 
590 
592 
594 
596 
598 
600 
602 
604 
606 
608 
611 
614 
617 
620 
623 
026 
629 
632 
635 
638 
641 
044 
647 
650 
663 
656 
659 
662 
665 
008 
672 
676 
680 



5p. Or, 



1109 
1 no 

riii 

1-112 
1-113 
11 14 
1115 
1116 
I -117 
1118 
1-119 
1120 
1-121 
1122 
1-123 
1-124 
1125 
1-120 
1127 
1-128 
1*129 
1*130 
1131 
1-132 
T133 
1134 
1135 
1136 
1-137 
1138 
1-139 
1140 
1-141 
1-142 
1-143 
M44 
1-145 
1*146 
M47 
1148 
1149 
1-150 
1-151 
1-152 
1153 



VUcodty 
in)- 



•04302 
•04371 
*04441 
•04513 
-04586 
-04662 
-04738 
-04817 
'04898 
■04980 
■05005 
•05152 
■05240 
•05331 
-05425 
'05520 
'05619 
D6719 
■05823 
U p i92ii 
'06038 
■06150 
'06265 
-06384 
■065O6 
'06631 
■06760 
■06892 
'07029 
■07169 
-07314 
-07463 
■07617 
'07775 
'07939 
■06107 
-08281 
•08460 
■08645 

•09033 
■09237 
'09448 
•09665 
•09890 



Lo& of 

VtAcoatty. 



2-*>J36!> 
2'64057 
2-64749 
265445 
2*68146 
2-66852 
2*67563 
S*6d27£ 
|-69000 
2*69726 
2-70457 
2-71193 
2-71935 
272683 
2-73437 
2-74197 
2*74963 
2-75735 
278513 
2-77298 
2-78090 
|-78889 
2-79695 
|-8O508 
2-81328 
2-M-jirrf' 
2-82992 
2*3*30 
2-84688 
2*85648 
2-80410 
2-87292 
2-8M77 
2-89071 
2-89974 
2*90886 
§'91807 
2-92737 
2*93670 
2-94625 
2-95584 
£-90553 
297532 
2-98521 
299520 



Dlffer- 



084 
088 
692 
696 
701 
706 
711 
716 
721 

7i'«; 

731 
730 
742 
748 
751 
760 
766 
772 
778 
785 
792 
799 
806 

813 

820 
828 
830 
844 
852 
800 
m;s 
870 
885 
894 
903 
912 
921 
930 
939 
949 
959 
909 
979 
989 
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TABLI XXX— YlBCOOTTIH, » DT3TES PES 3Q. Of^ O* MlXTUEIS 

or Glycerol asd Water— *0nh *•***£ 



f* Or, 



VUootAtf 



Tbttrt?. 



Sp Of- 
IB 



CD- 



Lufrfltf 



1151 
M55 
1150 
1157 

riss 

1159 

1100 

1-161 
1162 
1163 

1164 

1165 
1166 
TI67 

vim 
ri69 

1170 
1171 

1173 

1-173 
1-174 
1-175 
1-176 
1-177 
l'l 78 
1170 
1-180 
1181 
1182 
1183 
1184 
1-185 
1186 
1187 
11 BB 
1189 
1190 
1191 
1-192 
1193 
1194 
1-195 
1196 
1-197 
1198 



1012 
1036 
1061 
1067 
1114 
1141 
1170 
1199 
1230 
1262 
1295 
1329 
1364 
1401 
1439 
1479 
'1520 
'1563 
■1907 
■1653 
1701 
1751 
1803 
1857 
1913 
1971 
-2032 

•$m 

'2162 
■2281 

■i'3"2 

■2455 
'2537 
'2622 
'2711 
'2803 
"290U 
'3002 
■3108 
■3219 
■3335 
-3466 
'3583 
■3716 



1-00529 
11HS48 
1-02578 
103619 
T-04671 
1D5734 
1-06808 
107*93 

r-oesso 

110096 
111215 
T'12346 
T13489 
114644 
115811 
T16890 
118181 
[19384 
120600 
T'21829 
1 -23071 
1-24326 
1-25594 
1-26875 
1-28169 
1-29476 
T30796 
1-32130 
T33478 
1-34840 
1-36216 
1-37606 
J'39010 
1-40428 
1-41860 
T'43307 
1-44769 
i'46246 
1'47738 
1*49245 
1-50767 
1-52304 
1-53856 
T55424 
1-57008 



1000 

1019 
1030 

icui 

1052 

106a 

1074 
1085 
10PB 

1107 
1119 
1131 
1143 
1155 
1167 
1179 
1191 
1203 
1216 
1229 
1242 
1255 
1263 
1281 
1294 
1307 
1320 
1334 
1343 
1362 
1376 
1390 
1404 
1418 
1432 
1447 
1462 
1477 
1492 
1507 
1522 
1537 
1552 
1568 
1584 



1199 

i-aoo 

1201 
1-202 
1-203 
1-204 
1-205 
1-206 
1-207 
1*208 
1-209 
1-210 
1*211 
1-212 
1-213 
1-214 
1-215 
1-216 
T217 
1-218 
1-219 
1'220 
1-221 
1-222 
1-223 
1-224 
1-225 
1-226 
1-227 
1'228 
1229 
T230 
1-231 
1-233 
1-233 
1*234 
1-235 
1236 
1-237 
1-238 
1'239 
1-240 
1-241 
1-242 
1-243 



-3856 
-4002 
'4155 
4316 
■4485 
■4662 
<«8fS 
'50*4 
:5250 
-5466 
5694 
-5933 

■6452 
-6733 

■7'^t 
-7341 
■7672 

'8021 
■8390 
-8781 
•9195 
■9635 
1^010 
1-060 
1-112 
1168 
1 ~22* 
1-292 
1-360 
1-433 
1-511 
1-594 
1-683 
1-779 
1-882 
1-993 
2-112 
2'240 
2-379 
2*528 
2-690 
2-866 
3054 
3'259 



1-58606 
1-60224 

1*1 S57 

1-63507 

1*65174 

1-66858 

1 IBM 

P70277 

1-72013 

1-73767 

1-75539 

1-77330 

179140 

1*80969 

1-82816 

1-64687 

1-86577 

1-68488 

1-90421 

1-92376 

1*94354 

1-96356 

1-9B383 

-00436 

-02516 

-CW624 

-06761 

DR928 

11126 

13356 

15619 

17916 

■20248 

-22616 

'25u21 

■27464 

-29946 

-32468 

'35031 

■37636 

-40284 

■42976 

-45711 

•48488 

-51306 



1600 
1616 
1633 
1650 
1667 
1684 
1701 
1718 
1736 
1754 
1772 
1791 
1810 
1829 
1849 
1869 
1890 
19U 
1933 
1955 
1978 
2002 
2027 
2053 
2U?0 
2108 
2137 
21*>7 
2198 
2230 
2263 
2297 
2332 
2368 
2405 
2443 
24S2 
2522 
2563 
2605 
2648 
2692 
2735 
£777 
2£l> 



RITES AND 



PHYSICAL PROPER! 

Table XXX.— Viscosities, tx Dyses fee hq. cm., of Mixtures 
of Glvcebol and Water— concluded. 



20* 


Vlicwlty 

At so- a 

ft* 


LOf, r.f 

VUcoiity. 


Differ- 
ences. , 


Sp. Gr. 
at ^ a 


Viscosity 

st2(rc. 


Log. of 
VUcusUy, 


Mr* 


1-244 
1 245 
J 46 
M 
1448 
1-249 
1-260 

1252 

1-253 


3481 

3*721 

31**1 

4-263- 

4-569 

4-901 

5*261 

5-653 

6*078 

6-54U 


1204 

•57061 

•59996 

<J69 

-65979 

9080 
-72107 

>>24 
•78375 
•81560 


2858 

2935 
•2!>7:i 
3010 

3117 
3151 
3186 


1-254 
1*255 
1-256 

1-259 

i -m 


7-043 

7U0J 

8*187 
8-837 
9*546 
1032 

12-09 
13-10 


•89 

•91313 

■97 

1*01 

1*11710 


3218 

3317 

8416 
8446 
M88 



Commercial Viscometry. 



»A very rough idea of the relative viscosity of an oil may be formed 
by shaking it in a bottle and observing the rate at which air-bubbles 
rise in the oil j the more sluggish the movement of equal sized bubbles, 
the greater the viscosity of the oil. 

A rough quantitative method is to fill a 10 c.c. pipette with the 
oil, fix it in a vertical position in a clamp and count the number of 
seconds occupied by the oil in flowing from a mark on the upper 
stem to another mark on the lower stem. Then clean the pipette 
with ether, dry it, and make another similar experiment with some 
standard oil, say rape. For the results to be at all comparable the 
oils must be at the same temperature when the experiment is made. 
To ensure this, small beakers containing 20 to 30 ex. of each oil 
should be allowed to stand on a table side by side for an hour before 
making the test ; the pipette may then be filled from each beaker in 
succession. As a rough test, for sorting quickly a number of samples 
of oil, this is useful. 

For accurate work, a properly constructed viscometer must be 
employed. Those mostly used for practical laboratory work have 
very short efflux tubes of comparatively wide bore. From these 
instruments a running can be made in a short space of time, and the 
parts are easily cleaned and kept in order. But the rate of efflux is 
far from being proportional to the viscosity of very lluid liquids and 
-water, though in the case of lubricating oils having a viscosity at 
least as great as that of sperm oil at 60° F. (0 42), the error does not 
exceed about 2 per cent. The best known instruments of this class 
are Redwood's, which is the standard instrument in this country, 
Engler's and Kunkler'e which are used on the Continent, and 




lt others, bat we 

&ZL The glass viscometer 

~:y Artless xs one of the mo&t 

zL » 5esc=£bed as the Coleman- 




<Sf^ 



X»£ton:* $£&&£«. 



*f 



u*»: 



— C'Tueru.n.-*i. — This instrument, fig. 
$•. ...*.*. ^ a > s».. •:--.•--. .vcipcc ,7la3fc JL h':*.tzi 1* inches in intenul 
■;- r^x 7^i*r-_2c a «i::i rj-.-iil tae.-qn. slightly concave 
t: .^ ::.:>. .c wiari ibe aca:* W: J is fixed". In the 
'.'Z'i i^.ij.w Lbf T«ww?e ir.^eu :hi\«uch the jet is 12 
r~...::r.crt* .t. "hc^. ioi v s rr naar-y TT ni:ll:xue:res in oiameter. Slight 
-:*fc-.»r;; >: rkriii.ci* -^ Uir "i«* :c i-5cK-n; insirumenia, causing a few 
*-.\cj.> .-..f?:^c»:i .:. i;j* r*:< * : c S;w. are cvr*Tt\:«-J l-y slightly varying the 
iK'-ip":.; x :i; :» v.r.uvi «-j.i R mhsrl 5es«miaes the initial head of the oil. 
A sc:-*.V. ":rfc» ":ii!.".'.- r*Ir» f.x;*. ; to a w-_re V, when resting in the hemispherical 
ra«-:i - uii fcjfcu vu ;j.*ts ;h* orjk* : when raised so as to alluw the oil 
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to flow oaft» it ii i 
A is fixed, by i 
the bnzed < 
heating tube" 

bottom. Thia^ _ __ 

tore of %h + oil in A b imiiif fi**r* snnaann. mml * jm winter, wait, a aiir'iiM 
apparatus rTrrir^ «f ibmr jqkoc tottm iwrt 2EL iceer, x* *. "inn- : 
which revolves — ■ irt f rgromt agAtg A^ias jsa* jm 
flange at the top to ^a c wuic air of soe Jinrnx, jl 2 :max 
the oil in A. Tke sterner is ansaac % nit ±n 15 miaii n: li* jawl* 1L 
and carries with it tne ^BSsnomisBff TLwaiist jajMvrw +1* f iiuf i*«ilr if 
the fluid bath. Am-xawr ■a urnnn niga' TTj. inkr. jw a axrnnr ^ama VhidL 
slides on the rod R* a mnnsaBL 31. ^n* nl TBriBXgtna£~aeSL ^ut jncrxzntsn: 
is supported on a srip«£ aami inaumufL woa. jfmEhur cwat 

Method of ExftrimtmL. — Tas- Ttittr-ror nc -sat t^jbeus A sax *fi» ncifiat it 
the jet are firs* intfeefiaL "Eiey mnc 1* yssasssirr van- rrx. anL±R»±nax 
any loose paztidei w&adt ansae uncus "sat iwt iuw n: "ait nL 2x 
eTamining the jet a anaZ nfrng aai£ laiwr j* uaahL fcfar iiawtrsjnr, 
the rngtrnmgnt is lewtQtdL TW meter insmL C » *a*fix fiTW. vjiL iw it 
heavy mineral oil, aacrifnic ic- ia* •smrorncnie k wiudk. "a* tubbcx 2* n 
be determined, water beae "lawt Sir aw ieau»£icn7s in 21 ainuc 2>?* Jure 
The height of the bqisii a C oniui "lit ancuLHr aicn^^aBC if •»* a£ xl A 
The temperature « tie ncff-'ud bennr meL aqrasfec. & manEtm-i 
constant during the feet %y snEirnna" tf. i —nq, -sue i&saiiiixifte&r "nemr 
closely watched, and amy todtanry x lae xuerenry «t 1* x* ikl. ujmti sgi 
by additions of colder or wara&er Vasau *a»t eu» x water becmg £rawx af 
through the tap D. Tenpcsatacfs xuncik hsjt** "Slut nnmai are xasasamex 
by heating the tube E, by xa&Kut z£ a §a* -cr yn; isntL _T5* tf- •- be 
tested, if quite dear and Ingtc if xisxX pacne znv: A innf! Litr t»jclg cf 
the stud B is just covered, tb* j«i bear feat bkaui :?- ii*t Tarr^ ; r? ^ ciil 
is not clear, or if it is a dar*><£ftr.izre£ c£L 21 zcns ±rs d a2 "be aTz-askni 
through fine wire game or nrnwrn l^ick oik may t«r wanatd before 
straining, bat they most not be beafed more iban a lew dt^raaf abore 
the temperature at which the teat i* to be made. Tbe cdf aboard l»e 
brought to nearly die r e quir ed temperature be£:<re beanp pemred into the 
viscometer, because the adjnatmenx afterwardt lakes psaoe alowly. The 
thermometer Tj is immersed in the oil to such a depth that the bulb does 
not become uncovered during the test, and it k not afterwards moroL A 
narrow-necked flask, holding 50 cc to a mark on the neck, is placed below 
the jet to receive the oiL If the teat is to be made at a temperature more 
than a few degrees above or below that of the air of the room, the flask 
must be immersed in a bath of liquid heated to the testing temperature, or 
the body of the flask may be surrounded by a thick layer of cotton- wool 
contained in a beaker, the neck and graduation-mark being left exposed to 
view. As there is generally a slight leakage from the valve V, the flask 
should not be placed in position until the last moment. 

When both thermometers register the desired temperature, the height of the 
oil in A is finally adjusted so that the point of the stud B lies exactly in 
the surface, and the measuring flask is placed under the jet. The valve V 
is then raised, a stop-watch being started at the same moment, and the 
number of seconds occupied in filling the flask up to the 50 c.c mark is 
ascertained. This completes the test. In important cases, and always if 
the operator be inexperienced, the oil should be poured back into A, a little 
more being added to bring it up to the mark, and the test repeated, tho 
measuring flask being first rinsed out with ether and dried. Duplicate U»U 



140 LUBRICATION AND LUBRICANTS. 

ought not to differ more than about 1 per cent ; greater differences will 
probably be due to neglect to maintain a constant temperature. 

Method of Standardizing. — This instrument is standardized with refined 
rape oil ; but as different samples of genuine rape oil vary in viscosity, Bed- 
wood has proposed the adoption of the arbitrary number 535, which is the 
average number of seconds required by 50 cc of rape oil to flow out of his 
viscometer at 60° F. The relative viscosity at x° F. of any oil, compared 
with the viscosity at 60° F. of rape oil of density 0*9142* which is taken as 
100, is then found by the following formula :-*- 

Relative viscosity (rape oil at 60° F.*100)=* ** *? 

* v *^ 535x0*9142 

where t is the number of seconds required for the outflow of 50 cc of the 
oil at x° F., and d is the density of the oil at the same temperature. 

It will be observed that Redwood compares oils at all temperatures with 
rape eil at 60° F. ; some prefer to make the comparison with both oils at 
the same temperature. 

The Coleman-Arohbutt Viscometer, t — This instrument, fig. 37, is an 
improved form of the well-known jacketed glass viscometer first used by 
Coleman about 18694: It consists of a glass burette contained in an outer 
jacket, with a funnel for pouring in hot or cold water, a tube for running 
off water, and a stirrer for thoroughly mixing the water in the jacket 
Being made of glass it is fragile ; but with reasonable care an instrument 
may last for many years. It may be standardized with glycerin (see p. 148) 
so as to give results in absolute measure, and it has the advantage of being 
very convenient to work with. Thus, the temperature of the oil can be 
readily adjusted in the efflux-tube itself, by stirring with a thermometer and 
raising or lowering the temperature of the water in the outer jacket ; there 
is no need for a separate measuring vessel, the volume of oil which flows out 
being measured by marks on the efflux-tube ; a test can be made with as 
little as 25 cc. of oil ; and after the test has been made the tube is empty 
and ready for the next test. Oils can be tested in this apparatus at the 
temperature of boiling water, which is high enough for most purposes. 

Construction. — The efflux-tube A is about 15 inches in length. The upper 
12 inches is made of thin- walled glass tubing, about 1 inch in internal 
diameter ; it then narrows to a diameter of about ^ inch for 2 inches, and 
terminates in a thick-walled jet, about 1 inch long and of such internal 
diameter (about 1*9 mm.) that 100 cc. of refined rape oil at 60° F. take 
about ten minutes to run out. If the oil runs too quietly, the orifice of the 
jet may be slightly closed by fusing the edges in the flame ; if too slowly, 
the jet may be shortened a little. Four circumferential marks are etched 
upon the tube. The lowest or zero mark is rather above the middle of the 
narrow portion ; the other three marks are on the wide portion and divide 
the tube above the zero mark into capacities of 25 cc, 50 cc, and 100 cc 
The volume of oil used for a test may therefore be varied, according to the 
viscosity and the quantity of oil available. Of fairly fluid oils, e.g., rape or 
machinery oils at 60° F., and all oils at 212° F., 100 cc. are used ; of more 
viscous oils, e.g., cylinder oils at 60° F. and 100° F., 25 cc. is a suitable 
quantity. The tube must be separately standardized from each mark, as the 
times of efflux of the different volumes bear no simple relation to each other. 

♦= 8p.gr. 0-916 at Jj F. 

t Made by Messrs. Baird & Tatlock. 

t Jour. Soc. Chem. Ind. t v. (1886), p. 359. 
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The outer jacket, J, is about 3} inches in external diameter, and has a 
thort narrow neck at the bottom and another at the aide. The tube, A, is 
fixed in the jacket by means of a thick indiarnbber bong at the top and a 
thin disc of rubber* not more than A inch thick, at the bottom, through 
which the iet projects not more than ft inch. Thus, the oil in the tube is 
surrounded bv the water in the jacket until it has reached nearly to the end 
of the }kU and the temperature is maintained constant until the oil has passed 
out of the tube. The jet is protected from change of temperature, as well as 
from fracture, bv being contained entirely within the neck of the jacket The 
large bung at tne top is perforated by four small holes. One, which is lined 
with a short piece of glass tube, is for the brass stirring wire S ; another is far 
the glass funnel F, which fits rather loosely, and is replaced by a tube L, con- 
veying steam from the boiler B,* for determinations at 212" F. ; a third hole 
is "for the bent tube C, for the escape of steam, and the fourth is for the 
thermometer T. 

In putting the apparatus together, the tube A is first wetted and passed 
through the central hole of the bung; far enough for the jet to reach nearly 
to the end of the lower neck when the bung is fixed in the jacket ; the bran 
stirring- wire S, which terminates in a brazed ring at the lower end, is then 
passed through its hole and bent over at the top to form the handle, the 
bung is then carefully inserted into the jacket and the jet is pushed through 
the disc of rubber at the lower end. Finally, the tube C is inserted in the 
bung. 

Method of Experiment. — The tube A and jet are first carefully cleaned and 
dried ; the jet is then closed by means of a small peg of soft wood. Water 
at the proper temperature is next poured into the jacket, and the oil, 
previously strained, if necessary, and Drought to the same temperature, is 
poured into the efflux-tube up to about half-an-inch above the mark it is 
intended to run it from. The oil is stirred with a thermometer, avoiding 
the formation of air-bubbles, until the temperature is exactly correct, the 
final adjustment being easily made by slightly raising or lowering the 
temperature of the water-bath. The thermometer is then taken out of the 
oil, which is allowed to rest until perfectly quiescent. The wood peg is then 
withdrawn, and the time taken by the oil to flow down to the zero mark is 
measured by a stop-watch, which is started as the surface of the oil passes 
the upper mark. During the experiment, the temperature is maintained 
constant by pouring hot or cold water into the jacket through the funnel and 
running off the excess through the side tube as often as required, using the 
stirrer frequently. The temperature of the water in the outer jacket is 
indicated by the thermometer T, which is not removed. The open end of 
the efflux -tube is covered by the inverted beaker K, to prevent water from 
being splashed in by the stirrer. 

In milking an experiment at 212° F., the cold water in the jacket is first 
raised gradually to about 180° F., by pouring in hot water, and then the 
funnel is replaced by the steam tube L, and steam is blown in from the 
lx>iler. When the water boils, the level is lowered sufficiently to prevent 
splashing, and a brisk ebullition is kept up throughout the test The oil, 
previously heated to 212° F., should be poured in just before the water 
begins to boil, and the tul* A covered by its cap. 

Method of Standardising. — If the relative viscosity of an oil is re- 
quired, compared with, say, refined rape oil as the standard, the number of 
seconds occupied by the oil in flowing out is divided by the number of 
seconds occupied by the same volume of rape oil in flowing out at the same 

* In the figure this tube is shewn in dotted lines, 
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temperature, a correction being made for the difference in density of the 
oik. Thus, 

td 



Kelative viscosity = - - x 100, 



t and t t are the respective times of flow, and rf, d x are the respective 
t the oils referred to water at 4* 0. 

1 of standardizing this viscometer so as to convert the efflux 
n to aofiolul : v values, seep. 148. 

Saybolts Viscometer, — Vonstnwtum. — Tnis instrument is illustrated En 
38, and a etctiunal view shewing the construction of the pipette and 



3- 




Fig. 38. 



FlO. 89.— SAYBOLT's VlSCOMBTEK. 

(Section of Pipette.) 






the method of 6xing it in the outer txith is given in fig. 39. The entire 
UtftriUUCBt, noept the glass tube lining the narrow part of the pipette, and 
the windows in the outer bath, is of metal The efflux-tube consists of the 
wide Upper portion A, which is perforated near the top by a ring of small 
through which the oil can overflow into the fixed gallery H, and 
the narrow lower portion C, lined with glass tube and terminating in the 
metal jet J. The metal outer tube of C is cut through so as to form two 
opposite windowH V, through which the oil in the glass tube can be seen. 
The jet of an instrument, kindly lent to the authors by Mr, Colin Strong of 
the Anglo-American Oil Company, measured about 9 mm. in length and 
about 1*6 nun. in internal diameter. The end of the tube C\ 00 which the 
flange F is soldered, screws into a short tube D, which is soldered into the 
bottom of i lath, and a water-tight joint is made by the washer K. 

Mtihod of Experiment— -The outer bath is tilled with water at the desired 
temperature, and a cork R is inserted into the end of the tube D. The oil 
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is then pound into A until it o verflow! into the gallery,and is stirred byi 
thermometer until the temperature is exactly correct. The thermometer is 
then removed, allowing the displaced oil to ffow back into A, and the excess 
of oil remaining in the gallery is taken out with a pipette. The cork R 
is nor removed, and the number of seconds which elapses before the surface 
of the oil is seen through the glass window V is measured by a stop-watch. 
Redwood cirt* the fallowing as the relative times of efflux from this instru- 
ment and his own at TO 3 F. 

Seconds for 50 cc (Rtdwood)=\00 
„ „ xc,c,(&*Wr) - 56. 

In the instrument lent to the authors, the value of x was 65-07 cc. 
Engler ■ Standard Viscomeier. — CcrutrHdion. — This instrument is shewn 
in tig. 40. The inner oil vessel A is made of brass, gilt inside, and has a 

lid A 1 , which carries the thermometer t . 
In the centre of the concave bottom 
is the jet a, 20 mm. long, 2*9 mm. 
in diameter at the upper end, taper- 
ing to 2'8 mm. at the lower end ; it 
is made of platinum for standard 
work, but for ordinary work brass is 
used. The plug valve 6, of hard wood, 
which closes the jet, passes through s 
tube fixed in the lid and can be raised 
without removing the cover. Three 
pointed studs C, fixed at equal distances 
above the bottom of the vessel, indicate 
the proper height of the oil, and at 
the same time serve for levelling the 
instrument; thev mark a volume of 
240 cc The outer bath B is filled 
with water when working at tempera- 
tures not exceeding 50° C. ; above that 
temperature a heavy mineral oil is 
used, which can be heated by means of 
the ring burner d. The oil flowing 
from the jet is received in the measur- 
ing flask C, which has a mark at 200 cc and another at 240 cc 

Method of Standardizing.— This is done with water at 20° C. The vessel 
A is first thoroughlv rinsed out successively with ether, alcohol, and water, 
the jet being cleaned by means of a feather or a roll of paper. After the 
water has drained out, the jet is closed by the valve. The measuring flask 
is filled to the 240 cc. mark with water at 20" C, which is then poured into 
the oil cup A, and should fill it exactly to the level of the studs after the 
flask has been well drained. The outer bath should be previously filled 
with water at 20° C. Having adjusted the surface level, if necessary, by 
taking out or adding a few drops of water, the temperature of the water 
both inside and outside the cup is brought exactly to 20° C. and then, after 
allowing time for the water in A to become perfectly still, the plug valve 
is raised and the water allowed to flow from A into the dry measuring 
flask. The time of efllux will be from 50 to 63 seconds, if the instrument 
has been made of the standard dimensions given in the figure. The test 
must be repeated, and the mean of three experiments which do not differ by 
more than 0*5 second is the efllux velocity of water at 20 s C. The nearest 
whole number is taken as the unit. 




Fig. 40.— Esgler's Standard 
Viscometer. 
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Method of Experiment. — In testing oils, the vessel A and the jet are first 
thoroughly rinsed with alcohol, then with ether, and dried. The oil, previously 
strained or filtered to remove suspended matter and water, is poured into 
A up to the level of the studs, and is stirred by the thermometer until the 
desired temperature has been reached. The liquid in B is adjusted to the 
same temperature. After allowing the oil in A to become perfectly still, 
the plug is raised, and the time required for the outflow of 200 cc of oil is 
noted. Supposing the efflux velocity of water at 20° has been found to be 
54 seconds, and the sample of oil required 360 seconds at 50* and 90 seconds 
at 150°, then the 

Specific Viscosity (Engler) at 50° C.=???=6-06 

54 

„ i5xrc.=|2=i-efc 

What Engler calls the * specific viscosity ' is, of course, a purely arbitrary 
number, obtainable by his instrument alone, and only by such of these as 
are constructed of the proper dimensions. Instruments recognized by 
Engler as reliable may be obtained from C. Desaga of Heidelberg, and bear 
the official mark of the Karlsruhe Ctoenriflch-lechnische Versuchsanstalt 
or the Charlottenburg Technische AnstahX Engler^ viscometer has been 
adopted by the Committee of the German State Bailways. 

Holde * finds that in testing thick oils time may be saved by collecting 
50 cc. or 100 cc., instead of 200 cc., the results when multiplied by 5 or 
2*35 respectively being concordant with those obtained in the ordinary way. 
He also suggests that the oil-bath should be covered, and a reflux condenser 
attached so as to condense and return the vapour ; liquids of fixed boiling 
point, such as aniline (184° C.) and naphthalene (217° C), might then be 
used for high temperature experiments. 

The Engler-Knnkler Viscometer. — Construction. — Engler's viscometer has 
the defect of containing no stirrer, and, when making tests at high tempera- 
tures, it is found that the temperature of the oil varies sensibly during efflux. 
Engler and Eunkler have accordingly designed a modified instrument in 
which the viscometer and measuring flask are enclosed in a double-walled 
octagonal air-bath made of stout brass plate, 35 cm. high and 20 cm. wide, 
figs. 42 and 43. It stands upon four triangular feet, a, the outer sloping 
aides of which rest on the inside edge of the ring of a tripod stand, so that, 
by shifting the apparatus about, the oil in the cup can be easily levelled. 
The oven is heated by the flame of a Bunsen burner placed under the 
copper bottom plate 6, which has a deep concavity in the centre and is 
screwed to the bottom flange with an asbestos ring between. Supported above 
this on the stand c, and shielded from direct radiation by the double asbestos 
disc/, is the measuring flask e. The viscometer stands upon four legs on the 
plate <7, which rests upon a projecting rim ; this plate has a hole in the 
centre for the oil to pass through, and four oval tubes, t, reaching above the 
rim of the oil- vessel, through which and the central hole the heated air from 
below circulates and maintains a uniform temperature. Glass windows 
U and mm in opposite sides of the casing, and another in the lid, illuminate 
the interior ana enable the necessary observations to be made. Passing 
through the centre of the cover there is a stirring apparatus, consisting of a 
tubular axis carrying three blades at the lower end, and furnished with a 
knob at the upper end by which it is rotated to and fro ; stops on the lid pre- 
vent it revolving more than one-third of a turn, and also prevent the blades 

* Jour. Soc Chem. Ind., xv. (1896), p. 138. 
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x.i=S^jfin. This, ahhoczh a knowledge of the viscosity of a fabricating 
o£ ii on* of :h* mos* izirnrunt factors in judging of its ratability for 
a p&rtiTiiir purpose, no general! y intelligible method hitherto proposed 
of expr*ssinz the viscosity ha* met with more than a limited acceptance. 
The iz.1 Tarsal adoption of any particular standard instrument giving 
arbitrary numbers is probably too roach to expect What is wanted 
is a system of standardizing, which will enable the viscosity of an oil 
in absolute measure to be deduced from the efflux velocity measured 
in ;he ordinary way in any well-designed commercial viscometer. 
.Such a synem of standardizing we proceed to explain. 

The Standardixmg of Commercial Viscometers. 

Mixtures of glycerol and water are prepared ranging in viscosity 
from about 0*05 to about 5-0, a suitable series for the Redwood 
viscometer being the following : — 

Table XXXI. 



, Mixture 5o. 

1 


Glycerol 
percent 


Specific Gnrfty 

i -£* 


Approximate 
Viscosity at 

arc. 


1 


444 


1 11129 


0*046 


2 


57-0 


11469 


0-086 


3 


66*0 


■ 11712 


0157 


4 


70-6 


I 11836 


0-228 


5 


75*3 


J 1-1963 


0*350 


C 


80*4 


1*2101 


0*596 


7 


90*8 


! 1*2381 


239 


8 


94*8 


1 12485 

i 


4*73 



Mixtures approximating as nearly as possible to these are prepared 

by weighing and mixing together the required proportions of the 

purest commercial glycerin and water. The specific gravity of each 

°0° 
fluid at ~ C. is then carefully determined as directed on p. 166, 

and each fluid is run from the viscometer in succession at 20° C.,* 
the experiments being made in duplicate and the mean time taken. 
Care must be taken to prevent the absorption of water by the stronger 
glycerins. Finally, pure water is run from the viscometer at 20° C. 
Of each fluid we now know — 

1. The viscosity (77), in dynes per sq. cm. at 20° C, which is ascer- 

tained from the table on pp. 134-137; 

2. The time (/), in seconds, required for the outflow of the standard 

volume (50 c.c. in the case of Redwood's viscometer) at 20° C. 

* The standardizing must be done at exactly 20° C, because that is the only 
temperature at which the values in the table of glycerin viscosities are correct 



PHYSICAL PROPERTIES AND EXAMINATION OF LUBRICANTS. 149 

3. The density (d), which is calculated by multiplying the sp. gr. 
at ^L C. by 0-998259, the density of water at 20 s C. 

If the viscometer were perfect, the corrected time (td) would be 
proportional to the viscosity, i.e., 



ktd* 



Vf 



k being a constant the value of which could be ascertained by running 
a single fluid of known density and viscosity from the viscometer. 
But it will be found that the value of k deduced from each of the 
different fluids (including water) varies, greatly in the case of the 
thinner fluids, but only slightly with fluids above a certain viscosity, 
and by plotting the results a curve can be drawn from which the 
value of k for a fluid of any viscosity can be ascertained. Having con- 
structed such a diagram for any viscometer, a multiplier is obtained 
by which the Hd' of any oil, i.e., the time of efflux x the density at 
the temperature of efflux, may be converted into the viscosity of the 
oil in dynes per sq. cm. at the temperature of experiment. 

We give the results obtained by standardizing in this manner two 
commercial viscometers, (really four; since the Coleman- Archbutt 
viscometer may be regarded as three instruments of different capacities 
having a common jet). See Tables XXXI L and XXXIII. 

Table XXXII. — The Redwood Viscometer. 



Number and 

Description 

of Fluid. 



1. Water, 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. J 



Glycerol 

and 

water, 



Viscosity 

at arc. 

(dynes per 
sq. cm.). 



Time of 

Efflux at 

20' C. 

t 

(seconds). 



0*01028 

0-0377 

02360 

0*4984 

0*7504 

11123 

2*2674 

4*0356 

8*8370 



260 

334 

87-2 

174-7 

2595 

3837 

772-7 

1343*0 

2900*0 



Density 

of Fluid at 

20*0. 

d. 


td. 


r? 


Variation 

oik 
percent. 


0-99826 


25-95 


0-00040 


-83*3 


1-0989 


367 


000103 


-56*9 


1-1828 


1031 


0*00229 


- 4-2 


1*2036 


210*3 


000237 


- 0*8 


1-2134 


314-9 


000238 


- 0-4 


1-2218 


468-8 


000237 


- 0-8 


1-2351 


9544 


000238 


- 0*4 


1-2440 


16707 


0-00242 


+ 1-3 


1-2548 


3638*9 


0*00243 


+ 17 



From the results in these tables it appears that the mean values of 
k deduced from the efflux velocities of the fluids of 0*4984 viscosity 
and upwards might be used to calculate the viscosity in absolute 
measure of all oils exceeding in value 0*49, or we might say of all oils 
of not less viscosity than sperm oil at 60° F. (-7 = 0*42), with a 
maximum error, in the case of either instrument, of ± 2'0 per cent. 
To enable the viscometers to be used for fluids of lower viscosity, 
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Table XXXIII.— The CoiEMAN-AncHBtJTr Viscometer. 



dumber imd 

Description 

of Khild. 



Vtmaatot 
at 2CT C. 

<il> hr ?s per 
art. cm.). 



Time of 
Kfllux 

/ 



Density *»f 
Fluid at 

arc. 



i-3-ed 



VirUtkn 
Of I 

PW cent. 



100 C.C 



3. 
4. 

•o. 



T.| 

I 

8. J 



1. Water. 

3. 

4. J Glycerol 



and 
water. 



0*01028 


2810 


0-998259 


28-Ofi 


-00037 


•0377 


30-25 


1-0989 


39-8 


-00095 


•2338 


104-6 


1-18-25 


1237 


-00188 


•4984 


205-9 


1-2036 


247-8 


U0201 


•7504 


303-1 


1-2134 


3678 


■00204 


11123 


4462 


1-2218 


55 2 


-00204 


2*2674 


913'8 


1-2351 


1128-6 


■00201 


4-0356 


1604-5 


1-2440 


1906-0 


■00202 



Glycerol 
• and 
water. 



50c.c. 



-81 '7 
~53t) 

- 64 

- 0'5 
+ ID 
+ 1-0 

- 5 

* o-o 



0377 


2205 


1-0989 


24-2 


•00150* 


-49-4 


•2338 


67-65 


11825 


80*0 


•00292 


- 5*2 


•4984 


135-15 


1-2036 


162-7 


•00306 


- 0*6 


•7504 


197-7 


1-2134 


239*9 


•00313 


+ 1*6 


1-1123 


292-85 


1-2218 


357*8 


•00311 


+ 1-0 


2'i>674 


601-2 


1-2351 


742-5 


•00305 


- 1-0 


4*0356 


1056-5 


1-2440 


1314-3 


•00307 


- 03 



25c.c. 



Glycerol 

and 

water. 



•0377 


12-7 


1-0989 


140 


•00269 


•2338 


41*45 


11825 


49*0 


•00477 


•4984 


82-95 


1-2036 


99-8 


•00499 


•7504 


120-4 


1-2134 


1461 


•00514 


11 123 


1784 


1-2218 


2180 


•00510 


2-2674 


3691 


1-2351 


455-9 


•00497 


4*0356 


648*5 


1-2440 


806*7 


•00500 


8-8370 


1396-0 


1-2548 


1751-7 


•00504 



- 466 

- 54 

- 1-0 
+ 2-0 ,' 

+ 12 

i 

- 1*4 i 

- 0-8 . 
± 0-0 I 
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ach, e.g., as rape oil at 150° F. (iy=0-18) or cylinder oils at 212° F. 
7 = 0*16 to 0-31), the results have been plotted on diagrams. Fig. 44 
ives the complete curves for all liquids. Fig. 45 gives, on an enlarged 
sale, the first part of each curve for thin liquids.* 




'3 



2 

« 

S3 

> 



Value of k. 

The success of this method of standardizing depends upon the flow 
)f liquid through the jet of the viscometer being free from eddying 
motion, and provided the length of the jet does not exceed twenty 
times its diameter steady motion may be relied upon in the case of 

* These diagrams are, of coarse, applicable only to the particular instruments 
Tor which they were constructed. 
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liquids of not lower viscosity than 0'4. With thinner liquids unsteady 
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Value of &. 



motion may occur, and the tendency to 
ceteris paribus, the higher the density of 



form eddies will he greater, 
the liquid and the lower its 
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viscosity. That is to say, the comparatively heavy glycerol solutions 
used for standardizing will be more likely to set up eddies than the 
lighter oils, and consequently the latter may flow more rapidly than 
glycerol solutions of equal viscosity. With both the viscometers 
tested by us this has been found to be the case, and the value of k 
corresponding to the td of thin oils is too small to give the true 
viscosity. If, however, the value of k corresponding to If td be 
taken, practically correct results are obtained, even with oils as thin 
as water. We therefore apply this correction to all thin oils. The 
following rules contain a summary of the method : — 

RULES FOR DETERMINING BY MEANS OF A STANDARDIZED 
VISCOMETER THE VISCOSITY OF A LUBRICATING OIL IN 
ABSOLUTE MEASURE AT ANY DESIRED TEMPERATURE. 

A. For Oils of Viscosity 0*4 and upwards. 

1st. Determine the time of efflux (t) of the standard volume in 

seconds. 
2nd. Determine the density (d)oftheoil at the same temperature. 
3rd. Find the value of k corresponding to td. 
4th. Multiply tdbyk; the product is the absolute viscosity. 

B. For Oils of Lower Viscosity than 0-4. 
1st and 2nd. As above. 

3rd. Find the value of k corresponding to — . 

4th. Multiply td by k; the product is the absolute viscosity. 

The following results shew the accuracy of which the method is 
capable. Oils of low viscosity were selected for experiment, as with 
these the error is likely to be greatest. 



Description of OIL 



Mixture of shale oil and 

petroleum, 
Shale oil, 
Sperm oil, 



.i 



Density at 
20° C. 



0*8266 

0-8653 
0-8783 



Absolute Viscosity at 20° C, 
determined by means of the 

Absolute Redwood Coleman 
.Viscometer. Viscometer. Viscometer. 



0*040 

0-124 
0377 



0-040 

0123 
0377 



0-042 

0-122 
0-378 



Tables XXXTV. and XXXV. contain the complete results obtained 
by testing in this manner a number of lubricating oils. A summary 
is given in Table XXXVI. The curves in figs. 46, 47, 48, 49 show 
the relation between absolute viscosity and temperature in the 
case of mineral lubricating oils, as compared with typical animal 
and vegetable oils. 
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Table XXXIV.— Viscosities of Oils w Dynes pbb bq. ex. 

DETERMINED BY THE CoLEMAN-ARCHBUTT VISCOMETER. 



Description of 00. 


<WF. 


Efflux 

Velocity 

(Seconds) 

t. 


Density 
d. 


id. 


*. 


Viscosity 


Animal and Vegetable Oils. 

Sperm oil, .... 
Olive oil, .... 
Rape oil, .... 

Tallow, 

Castor oil, .... 


100 cc. 

240-4 
5392 
598-6 


•8783 
•9159 
•9151 


2111 
493*9 
547-8 


00199 
•00204 
•00204 


0-420 
1-008 
1-118 


Scotch Mineral Oils. 

'865/ 

'890,' 


90-7 
284-4 


•8683 
•8905 


78-8 
2533 


•00185 
•00201 


0-146 
0*509 


Russian Mineral Oils. 

Refined light machine oil, 
„ heavy machine oil, . 


6313 
1955-0 


•8978 
•9096 


5668 
1778*3 


•00204 
•00202 


1156 
3*592 


American Mineral Oils. 

Pale, ' 885/90/ 

Spindle oil (stainless), '860/70/ 

Pale, '903/7/ . 

Red engine oil, ' 910/20/ 

' Bayonne ' engine oil, ' 912/15/ 

Dark medium machinery oil, . 

' Valvoline ' cylinder oil, 

Filtered cylinder oil, '885/90/ . 

'888 ' 
Dark cylinder oil, ' 890/5/ '. 


256-2 
410-5 
6195 
1040-0 
1185*6 
50 CC. 
1130-0 


•8844 
•8677 
•9008 
•9162 
•9113 

•8839 


226-6 
3562 
558-1 
9528 
1080-5 

998*8 

••• 


•00200 
•00204 
•00204 
•00201 
•00201 

•00305 


0453 
0-727 
1138 
1-915 
2*172 

3-046 

1 
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Table XXXIV.— Viscosities op Oils in Dynes per sq. cm. deter- 
mined bt the Coleman-Archbutt Viscombter —continued. 



1 

i 


100° F. 


Description of OIL 


Efflux 
Velocity 
(Seconds) 


Density 
d. 


td. 


k. 


Viscosity 
=ktd. 


Animal and Vegetable Oils. 

Sperm oil, 

Olive oil, .... 

Rape oil, ... . 

Tallow, 

Castor oil, .... 


100 c.c 

111-7 
208-2 
235*6 

1433*0 


•8637 
•9011 
•9005 

•9473 


96-5 
1876 
212-2 

13575 


•00192 
•00201 
•00199 

•00201 


0-185 

0377 

•422 

2-729 


Scotch Mineral Oils. 

c 865/ 

'890/ 


52-0 
108-9 


•8533 
•8761 


44-4 
95*4 


•00148 
■00192 

•00199 
•00204 


0*066 
0183 


Russian Mineral Oils. 

Refined light machine oil, 
„ heavy machine oil, 


174-9 
417-0 


•8837 
•8957 


154*6 
3735 


0307 
0-762 


American Mineral Oils. 

Pale, '885/90; 

Spindle oil (stainless), '860/70,' 

Pale, '903/7/. 

Red engine oil, ' 910/20,' 

'Bayonne' engine oil, '912/15,' 

Dark medium machinery oil, . 

* Valvoline ' cylinder oil, 

Filtered cylinder oil, ' 886/90/ . 

„ „ '888/ 
Dark cylinder oil, ' 890/5/ . 


99-2 
141-0 
1930 
2734 
315*4 

397-6 
50 C.c. 

901*0 
25 c.c. 

684-7 
848*8 
955-0 


•8700 
•8535 
•8867 
•9020 
•8973 

•8695 

•8757 

•8708 
•8724 
•8846 


86*3 
120*3 
171*1 
246*6 
283*0 

3457 

788-9 

696-2 

740*5 
844*8 


•00188 
•00196 
•00200 
•00201 
•00202 

•00204 

•00305 

•00499 
•00500 
•00500 


0-162 
0*236 
0-342 
0-496 
0*572 

0-705 

2*406 

2-975 
3*702 
4-224 
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Table XXXIY. — Yisoosmxs or Oils is Dms per sq. cm. dftkr- 
motd bt the Colexas-Abchbctt Viscometer— continued. 



1 

i 
1 

DeaafptianofOO. 






ISC F. 






ESbz 

Velocity 


i 
Do**, 


UL 


k. 


Yiacoiftj' 


j 


(Second*) 

L 


d. j 
1 




-At 


Animal and VegdabU 00s. 


100 ex. 








i 


Sperm oil, . . i 
Olive oil, .... ! 


621 


-8455 


525 


-00161 


0-085 


93*3 


-8826 


82-3 


•00187 


0154 


• Rape oil, . . . ' 
j Tallow, | 


105*2 


-8822 


92-8 


-00191 


0177 


106-2 - 


-8784 


924 


•00190 


0*176 


Castor oil, 


321-2 


-9284 , 


298-2 


-00203 


0*605 


Scotch Mineral 00s. 












'865,' 


38-2 


-8347 


31*9 


00113 


0*036 


'890,' 


54-8 


-8581 


47*0 


•00146 


0*069 

l 


Russian Mineral Oils. 










1 


Refined light machine oil, 


67*9 


•8661 


58-8 


-00168 


0-099 | 


„ heavy machine oil, . 


115*4 


•8784 


1014 


00193 


0-196 


American Mineral Oils. 












Pale, 1 885 ■90,' 


522 


•8521 


445 


•00148 


0*066 


Spindle oil (stainless), '860/70/ 


639 


•8358 


53*4 


-00162 


0086 


Pale, ' 903/7,'. 


75*5 


•8690 


65*6 


-00175 


0115 


Red engine oil, c 910/20,' 


91*9 


•8843 


813 


•00185 


0150 


4 Bayonne ' engine oil, ' 912/15,' 


103*5 


•8797 


91 1 


•00190 


0*173 


Dark medium machinery oil, . 


127*0 


•8514 


108*1 


•00194 


0*210 


' Valvoline ' cylinder oil, 


347*0 


•8587 


298*0 


•00203 


0*605 


Filtered cylinder oil, '885/90,' . 




... 


... 






„ „ '888,' 


... 


... 


... 


... 


... 


Dark cylinder oil, ' 890/5,' . 


471-4 


•8666 


408-5 


•00204 


0833 
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Table XXXTV.— Viscosities op Oils in Dynes per sq. cm. deter- 
mined by the Coleman-Arohbutt Viscometer — concluded. 



Description of Oil. 


212* F. 


Efflux 
Velocity 


Density 


id. 


£ 


Viscosity 




(Seconds) 


d. 






=ktd. 


Animal and Vegetable Oils. 


100 cc. 










Sperm oil, .... 
Olive oil, .... 


434 


•8229 


357 


•00128 


0-046 


636 


•8596 


461 


•00151 


0070 


Rape oil, ... . 
Tallow, 


58*7 


'8595 


505 


•00158 


0-080 


58*0 


•8557 


49*6 


•00157 


0-078 


Castor oil, .... 


98*9 


•9050 


89-5 


•00189 


0169 


Scotch Mineral Oils. 












'865,' 












'890,' 


... 


... 


... 


... 


... 


Russian Mineral Oils. 












Refined light machine oil, 


41-0 


•8442 


34-6 


•00124 


0043 


„ heavy machine oil, . 


518 


•8568 


44-4 


•00148 


0-066 


American Mineral Oils. 












Pale, '885/90,' 

Spindle oil (stainless), ' 860/70,' 


36-8 


•8298 


30*5 


•00107 


0-033 


40*8 


•8138 


332 


•00119 


0*039 


Pale,* 903/7,'. 


43-8 


•8469 


371 


•00132 


0-049 


Red engine oil, * 910/20,' 


47*5 


•8624 


41-0 


00142 


0058 


* Bayonne ' engine oil, ' 912/15,' 


50*4 


•8579 


43*2 


•00146 


0-063 


Dark medium machinery oil, . 


591 


•8291 


49*0 


•00156 


0-076 


* Valvoline ' cylinder oil, 


1160 


•8377 


97*2 


•00192 


0*187 


Filtered cylinder oil, '885/90,' . 


1001 


•8306 


831 


•00186 


0-155 


„ „ '888, 


145*2 


•8351 


1213 


•00196 


0*238 


Dark cylinder oil, ' 890/5,' 


145-0 


•8441 


122-4 


•00196 


0-240 
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Txblm XXXV— Viscosities of Oils ts Dtstes per bq. cm. deter- 
mined by the Redwood Viscometer. 



*rr. 



DtfTtptkitt of OIL 



Velocity Density 



Viicoelty 



~i /UTVU/l J/i/OTui LlidL 



I 



* Globe r oiL . 

FViIe »«j7 Li . 

EHirk X cylinder oil, >9o 900 

D»irk ilTUtrvd X cylinder oil, 900 

LWikxvmoci w cylinder oil, $96 



653D 
6895 



•8802 
"9054 



574*8 
634*3 



•00237 
•00237 



1-362 
1-479 



WF. 



A -ii-ffrnza Mi,n.*r 



IHr* X ;vh«..Lr oil, >o 



iAtrk c/.krrvd X c ylLr-dcr oil. 90O 2902*0 
?«• »;• i low-.:; :c:v-o c vlinde r oil, 



1 

199-6 


8663 


173*0 


•00234 


0-405 


£00-2 


8915 


1785 


00235 


0419 


2629-5 


"8810 


2316*7 


00243 


5-630 


29021) ', 


*8883 


25779 


•00243 


6*264 


3000-0 i 


SS36 


2650*7 


•00243 


6441 



•1* F. 



i 




1 








* vUolv ' oil 




' 








rule, 907 12 




... 




. .. 




l\irk X cyli:i.L-r oil, S95 900, 


139-8 


•8417 ( 


117-7 


00234 


0*275 


Park tiltorvd X cylinder oil, 900 


1573 


•8490 


1336 


•00235 


0*314 


1 \irklocomot i vo cyl iuder oil, 896j 

i 


155*5 


•8441 


131*3 


•00235 


0308 
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Table XXXVL— Absolute ViscosrnBfl of Oils (Summary). 





Absolute Viscosity (tj) in Dynes per sq. cm. 


Description of Oil, etc. 




















WF. 


1OT F. 


160° F. 


212° F. 


Water at 68° F. (20° C.), . 




0-01028 




Animal and Vegetable Oil*. 










Sperm oil, . 

Olive oil, .... 


. 0*420 


0185 


0-085 


0-046 


1-008 


0377 


0154 


0-070 


Rape oil, .... 


1-118 


0*422 


0-177 


0-080 


Tallow, .... 


« ••• 


... 


0-176 


0-078 


Castor oil, . 


. 


2-729 


0-605 


0*169 


Scotch, Mineral Oils. 










'865/ 


0-146 


0*066 


0-036 




'890,' 


0*509 


0-183 


0*069 


... 


Russian Mineral Oils. 










1 Refined light machine oil, 895/900 


, 1156 


0-307 


0-099 


0-043 


„ heavy „ 905/10, 


3592 


0*762 


0*196 


0066 


American Mineral Oils. 










Pale, '885/90/ . 


0-453 


0162 


0066 


0033 


Spindle oil (stainless), '860/70,' 


0*727 


0*236 


0-086 


0039 


Pale, ' 903/7/ 


1138 


0342 


0115 


0*049 


'Globe' oil (dark), 


1-362 


0*405 


... 


... 


Pale, '907/12/ . 


1-479 


0*419 




... 


, Red engine oil, '910/20/ 


1-915 


0-496 


0*150 


0-058 


| Rayonne engine oil, ' 912/15/ 


2172 


0-572 


0-173 


0*063 


Dark medium machinery oil, 


3046 


0-705 


0-210 


0076 


4 Valvoline ' cylinder oil, 


• •• 


2-406 


0-605 


0i87 


Filtered cylinder oil, ' 885/90/ 


... 


2-975 


... 


0155 


„ „ OOO, • 


... 


3*702 


... 


0-238 


Dark A cylinder oil, ' 890/5/ 


... 


4*224 


0-833 


0240 


„ N „ '895/900/ 


... 


5-630 


... 


0*275 


„ filtered N cylinder oil, ' 900. 
„ locomotive „ '896,' 


i 


6-264 


... 


0*314 




6-441 


... 


0*308 



5& 



iUBncisxs. 



Zli 



-Jii 







.Z/iv* 2s i 



l*wm J.-imr-cmr Xt* MBS ; 
2~*trrt9i± liLttmrr lit 29 







tso 9 
Temperature *F. 



2ir 
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Fig. 48.— Hxavy Machinist Oils. 



*-o 



30 



20 









i .Rape oil 

2. American Red Engine Oil 9IOfa 

3. American Sayonne Engine Oil 9/2//$ 
4. American Dark Med* Mac/ft Oh 

5. Refined Russian Oil SOS// 




& 



> 



1 



ISO* 

Temperature °F. 



Fig. 49.— Cylinder Oils. 
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In using this apparatus, the tube e is filled with the grease to be tested 
by first inserting the piston e and spreading the grease with a broad knife 
upon the disc 6, and, whilst spreading more and more grease, gradually with- 
drawing the piston until the upper disc reaches the open end of the tube. 




Fio. 51. 



Great care mast be taken that no air-bubbles are included. After pressing 
down the grease with the rod and disc «, the piston may be withdrawn and 
another tube filled, as, owing to the extent to which the consistency of crease 
is affected by working it about, the tube after filling must remain for at 
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least 24 hours at a temperature of about 80° C. before the test is made. 
The water-bath is then tilled nearly full of water at 65° C. f and this tem- 
perature is maintained constant during the test The tube of grease having 
been inserted into the fixed tube 6, the piston is nut in and pressed down 
until the stop k rests upon the cap. After the lapse of 20 minutes the 
suitably loaded piston is liberated by turning the cap, and the time which 
elapses before its movement is arrested by the stops I measures the consistency 
of the grease. 

This apparatus is intended for comparing the consistency of one sample of 
grease witn another, or of several samples with a standard, and the load put 
upon the piston must depend upon the consistency of the grease. It should 
be so proportioned that the time of experiment with the stiffest sample is 
about 10 minutes. It is obvious that the load must be the same for all 
samples compared, as the results of tests made with different loads do not 
admit of comparison. 

B.-SPEOIFIO GRAVITY AND DENSITY. 

The specific gravity of a solid or liquid substance is the weight 

compared with that of an equal volume of water taken as unity. 

Unless otherwise stated, the comparison is made with water at the 

same temperature as the substance, but such an expression as c sp. gr. 

20° ' 
at — ^ means the weight of the substance at 20° compared with water 
4 

at 4° taken as unity. In the G.G.S. system of units, the specific 

20° 
gravity at ^— C. is identical with the density of the substance at 20° G* 
4 

The specific gravities of the vegetable and animal oils and fluid 
waxes at 60° F. (15*5° C.) range from about 0*879, in the case of 
sperm oil, to about 0*968 in that of castor oil, and, although 
individual specimens of each description of oil are liable to vary 
somewhat in specific gravity, the limits of variation for each of the 
principal kinds of oil are not wide and are pretty well known. 
Hence, a knowledge of the specific gravity of an animal or vegetable 
oil is valuable both as a means of identification and also in judging of 
the purity of a particular specimen. 

Mineral lubricating oils may also be classified according to their 
specific gravities (see p. 177), though this property is not of material 
importance in relation to their lubricating value. It is, however, of 
great importance in distinguishing between mineral oils, on the one 
hand, and rosin and coal-tar oils on the other. 

Determination of Specific Gravity. — Practically three methods are 
in use for determining the specific gravity of liquids, viz. : — 1. By 
pyfatometers. 2. By the specific gramty balance. 3. By hydrometers. 
The first method is applicable to all liquids, however viscous, and is 
therefore the most suitable for lubricating oils. The two last methods 
are adapted only for liquids of very moderate viscosity, and their 
applicability to lubricating oils is therefore limited. 

* See Tait, Proierties of Matter, 3rd edit, p. 30. 
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The term ■ pyknometer * includes any vessel in which an accurately 
measured volume of a liquid can be weighed ; the kinds in common 
use are the various forms of specific gravity bottle and the Sprengel 
tube. Of the former, the plain form, with an accurately ground, 
finely perforated stopper, is most useful for determining the specific 
gravities of lubricating oils at ordinary temperatures; for hi 
temperatures, and for limited quantities of material, the Sprengel tube 
is more convenient and accurate. 

Bottle Method, — The specific gravity bottle with perforated stopper is 

n in tig. 52. It can be obtained of various sizes, but the most suitable 

jvurpoee holds nominally 25 grammes of water at 

60° F. The capacity marked on the bottle must not lie 

accepted with a, but the bottle must be calibrated 

ascertaining its weight, when empty, and when rilled with 

Qtly boiled distilled water at 60 R 

To calibrate the bottle, — The bottle before being \\ 
must first be thoroughly cleaned, rinsed with water, alcohol 
and ether in succession, then warmed, and dried by aspirating 
a current of air to displace the either vapour. The bottle 
shot j Id not be strongly heated. The stopper, also cleffi 
and dried, is inserted ; die bottle is allowed to stand in a cool 
place for 10 or \b minutes, then wiped with a clean eoft rag 
and munediritel v weighed. Some pun dill Qled water is next boiled vigorously 

liiites m a platinum or silver vemd, rapidly cooled to 9 
and carefully poured into the bottle, avoiding the introqriCfaon of air bubbles. 
The bottle is immediately immersed up to tin- neek in I eaptdoUB basin of 
I at exactly 60° F., and is allowed to stand at this temj>erature for a 
few minutes, the water in the basin being frequently stirred with th«- 
inometer and maintained constant in I -topper is then 

inserted in the bottle, well bedded into its seat, and the surplus water which 
has enided through the perforation wij»ed off. If now the temperature of 
the water is the same inside and outside the bottle, the capillary in the 
stopper will remain exactly full, and there will be neither enntrartion nor 
exuaatiun of water. When this is the case, the bottle la lifted out of the writer 
in the basin, and slowly hmimflHfl * in water several degrees colder, which 
will cause the water in the bottle to contract and empty the capillary ; the OttV 
aide of the bottle can now be wiped quite dry and weighed befon 
has time to expand and exude from the stopper. Duplicate wi 
carefully made in the maimer directed, will not difFer by more than t 
three tenths of a milligramme. At least two weighings should be made. 
The bottle is then dried and again weiched empty. The weight should not 
differ from the previous weight of the empty bottle by more than u 5 
niilligrainnie. Tlie difference oetween the mean weight of the bottle when 
full and empty is the water capacity of tfie botth This seldom 

needs to be redetermined; but the empty IjotUe should be frequently 
reweighed, as it may become scratched or chipped in use. 

To ddrrmine the specifu at 60 F. — A 1 tout £>0 e.c. of the oil 

are p to a small lipped oeaJ red with a thermometer, most 

i voiding the introduction of air bubbles, and brought to exactly 

rsing the l>eaker in water 2 or 3 degrees above or below that 

temperature. The bottle is then hlled ljuite full of the oil, without i 

* Rapid iramemon, by causing the bottle to contract first, expels some liquid 
from the stopper. 
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during any air bubbles, immersed up to the neck in water at 60° F., the 
stopper loosely inserted, causing the excess of oil to overflow into the basin, 
ana then, after waiting about five minutes, bedded firmly into its place, 
the excess of oil being wiped off the top of the stopper. Having ascertained 
that the temperature is correct, and that the oil is neither expanding nor 
contracting, the bottle is cooled, wiped clean and dry, and weighed, exactly 
as in calibrating the bottle with water. By subtracting from the total 
weight the tare of the empty bottle, and then dividing the difference by the 
water capacity of the bottle, the specific gravity of the oil at 60° F. is 
obtained. The thermometer used must be verified by comparison with a 
standard instrument. 

Ulycerin.&nd very viscous liquids which cannot be poured into the narrow 
neck of the bottle may be manipulated as follows : — The jet is cut off a 
30 c.c. pipette, making the delivery nozzle the full bore of the tube, and the 
dry pipette is filled with the liquid. The nozzle of the pipette having 
been wiped outside, is then inserted into the specific gravity bottle nearly to 
the l>ottom, and the liquid is allowed to quietly flow out. In this way the 
bottle may be easily filled without the introduction of a single air bubble. 
The bottle, whilst being filled, is held down in water at the required tempera- 
ture, and, when full, the stopper is inserted, and the bottle is allowed to stand 
in the water at constant temperature until expansion or contraction has 
ceased. The excess of fluid is then removed from the stopper, the bottle is 
cooled, wiped clean and dry, and weighed. 

Sprengel Tube Method. — SprengeFs very useful pyknometer has the 
form of an elongated U, the arms of which terminate in 
two capillary tubes which are bent at right angles in 
opposite directions. One of the capillary tubes has a very 
fine bore and is drawn down to a point, the other has a wider 
bore, about 0*5 mm. in diameter, and is not drawn down. 

In filling the tul>e, a small class bulb, with a piece of 
narrow rubber tubing attached to it, is fixed on to the 
narrower capillary bv means of a perforated rubber stopper, 
and the wider capillary is dipped into the oil, which is 
then drawn into the tube by suction applied to the rubber 
tube, the glass bulb serving as a vacuum cliamber. This is 
the method described by Sprengel,* but with liquids of 
moderate viscosity the glass bulb may be dispensed with, 
^= and viscous liquids can usually be reduced in viscosity by 
warming, so as to be easily drawn into the tube. When 
full, the tube is detached from the bulb and suspended in 
a beaker of water, as shewn in fig. 53, and the tempera- 
ture of the water is maintained constant with frequent 
stirring until the liquid has ceased to expand or contract. 
It is most convenient to arrange the temperature of the 
liquid in the tube so that it sliall expand, and the liquid is 
absorbed by a strip of filter paper until it ceases to exude 
from the capillary orifice. The tube is then lifted out of 
the water by means of a small brass wire hook, and immersed 
for a short time in colder water, so as to contract the liquid 
and empty the capillaries. It is then wiped and weighed. 

The movement of the liquid in expanding or contracting 

takes place as a rule entirely througn the wider capillary, 

where there is least resistance. The narrower capillary, when full, generally 

remains so, and no liquid is expelled from it unless expansion occurs very 

• Jour. Chem. Soc, 1873, p. 577. 




Fio. 53. 



PHYSICAL PROPERTIES AND EXAMINATION OF LUBRICANTS. 167 

rapidly. If it ie necessary to introduce liquid into the pyknometer, owing 
to contraction having occurred, a drop in the end of a glass tube applied to 
thepoint of the narrow capillary will be drawn in. 

The water capacity of tail py kilometer is determined as in the case of the 
bottle, and having been done with great care need seldom be redetermined, 
bat the empty tuoe should bi re weighed occasionally. 

At 212* F. (=100° C.).— For determining the sp. gr. of oils at the boiling 
point of water, which for all practical purposes may be assumed to be 
b\, the neck of a 40-oz. flask is cut down as shewn in fig. 54, and two 
opposite nicks are filed in the rim to receive the arms of the Sprengel 
The flask is filled to the depth of about two inches with hot water, a few 
fragments of pumice are thrown in, and the water Sfl made to 
The filled Sprengel tube is then suspended in the team, and the Open neck 
of the lla^k is covered by i watch glass. As soon as oil is no longer expelled 
from the tube, the ends of the capillary anus am wip filter piper 

and the tube is lifted out of the iteam, cooled by imUMfnifffil in oold 
water, wiped and weighed. This is the most convenient method of 
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Fig. 55. 



y mining the specific gravities of fatty acids and fats which are solid at 
rdinary temperature, 
rengel w be made to hold as little as 1 OjOL and with care the 

i.tained with a delicate balance are surprisingly accurate. Such 
small tubes are sometimes useful for determining the Specific gravity of the 
limited Quantities of fatty acids obtained by saponifying mixed oils in the 
process of analysis. Sprengel pyknometers are specially adapted for work 
with hot liquids, as they need not, like bottles, be handled, and their shape 

I causes the temperature of the contained liquid to become quickly adjusted. 
The movement of the liquid in the delicate capillary tubes indicates the 
slightest variation of temperature. The only drawback is the tedious 
nature of the filling and emptying operations with viscous liquids, but 
this may be largely overcome by warming the liquid so as to reduce the 
viscosity. 

Westphal Balance Method.— The Westphal specific gravity balance (fig. 

, an instrument of the steelyard type constructed to indicate the 

specific gravity of a liquid by the relative loss of weight of a plunm 

known displacement when suspended in the liquid. The complete instru- 

consika of the balance proper, the glass thermometer-plummet, the 
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immenion cylinder, and two exactl j similar sets of four rider weights, the 
largest rider of each aet having the tame weight as the water which the 
plummet displaces at 60 3 F n the next rider henna one-tenth of this weight, 
the third one-hundredth, and the fourth one-thoooandth. The beam is 
divided by notches into ten exactly equal parts, the notches being points of 
•nspension for the riders and numbered consecutively from 1 to 9. 

The balance is set up in a place free from draughts, and is adjusted by 
means of the levelling screw in the foot, so that when the beam is owcfllating 
with the plummet suspended in air the index finger at the short end of the 
beam will come to rest exactly opposite to the fixed point. If the plummet 
be now suspended in water at 00 s F n awnming that the instrument is 
intended for use at that temperature, equilibrium will be exactly restored 
by suspending one of the largest riders from the same hook as the plummet, 
indicating a specific gravity of 1*0. But if the liouid be of specific gravity 
0*90, equilibrium will be restored by suspending toe same rider from noted 
No. 9 ; if the specific gravity be 0*92, the next largest rider also must he 
suspended from notch So. 2 ; if the specific gravity be 0*922, the third rider 
must be hung from the second ; ana if the specific gravity be 0*9225, the 
smallest rider must be hung from notch No. 5. Thus the specific gravity 
of any liquid is shewn at a glance to four decimal places bv tne positions of 
the riders on the beam, the largest rider giving the first decimal place and 
the other riders the remaining places in order. 

Every instrument purchased must, before use, be verified by measuring 
carefully the distances between the fixed points along the beam, which 
should not vary more than one-thousandth part The plummet must also 
be weighed in air and in water at 60° F. on a good ordinary balance indicat- 
ing 0*1 milligramme, and the water displaced by the plummet must weigh 
the same as the largest rider of each set, the other riders varying in decimal 
proportion. The following table by Stock shews the variations met with 
in the riders of a Westplial balance by a good maker, the numbers in the 
third column Viewing that the maximum deviation from unity did not 
exceed 1 unit in the fourth decimal place, which is a satisfactory agreement. 



Table XXXVII.— Shewing Variations in Riders. 



Rider Number. 


Weight in Air. 


1 
Relation to Unity. Plummet Dis- 


Grammes. 


placement =6*48 Grammes. 


1 


6*4806 


1-00007 


la 


6*4796 


•99992 


2 


•6482 


•10003 


2a 


•6483 


•10004 


3 


•0655 


•01010 


3a 


•0655 


•01010 


4 


•0070 


•00108 


4a 


•0071 


•00109 



With a well-made instrument, the probable error of a specific gravity 
determination will not exceed 2 or 3 points in the fourth decimal place with 
a liquid of low viscosity, such as water or even 8j>erm oil, but the viscosities 
of most lubricating oils at ordinary temperatures oppose so much resistance 
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to the movement of the plummet that the probable error becomes much 
greater. At sufficiently elevated temperatures the viscosities of oils become 
so much reduced that the Westphal balance may be uaed for both oils and 
fate, provided proper allowance be made for the expansion of the plummet. 

To determine the sp. gr. of a melted fat at — -- C, for example, with an 

instrument constructed for use at some other temperature, we mav proceed 
in the following manner : — First determine by means of the balance the 
apparent sp. gr. of water at 100* C^=ac,and then the apparent sp. gr. of 

the oil at 100' C., = y ; then — with the appropriate correction for vacuo 

added on (p. 172) is the true sp. gr. of the oil at 100° C. This result x 

0*95866 (the density of water at 100° C) is the density of the oil at ^ C. 

Fig. 56 shows Carter Bell's method of using the balance for determinations 
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at 100* Q, D being a glass tube containing the oil or melted fat, C a bath 
of paraffin wax, and 6 the water jacket. The tube for the escape of steam 
should be prolonged upwards well above the beam of the balance. A 
special plummet may be required, as the thermometer of the ordinary 
plummet has only a limited range. 

Hydrometer Method.— Of all methods for ascertaining the specific gravities 
of liquids this is the most rapid, and provide"! the instrument used if 
corroctlv graduated, or its error exactly known, very accurate results may 
be obtained by it with liquids of low viscosity. But no hydrometer can be 
depended upon unless it has been tested by floating it in hvu ur noft 
" which the specific gravities have been determined by means of 
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a ouiirl-hiir br.ia'iL The ?]-ecific gravitv of the alcohol ia then adjusted 
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bubble* formed on mixing) until the fragment remains suspended anywhere 
in the liquid. The &|x-citko gravity of the diluted alcohol is then determined 
by the hvdrometer or the Westplwl l»alince. Of course, the final adjustment 
nf thir alcoliol must lift made exactly at the temperature at which the sjxjciiic 
gravity of the substance is required to be known. 
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Table XXXVIII.— Formula for Converting Hydrometer 
Degrees to Specific Gravities. 



Hydrometer. 



Balling, 
Beaume" I., . 
Beaum£ II., 
Beauine* III., 
Beck, . 
Brix, . 
Cartier, 
Fischer, 
Gay-Lussac,* 
EL G. Greiner, 
Stoppani,t . 



Temperature. 



175° C. 
12*5° C. 
15° C. 
17-5° C. 



12-5° C. 

J 12-5° R. \ 
\ 15-625° C. J 



12-5° C. 

( 125° R. 
( 15*625° C. 

4°C. 

/ 12-5° R. 
\ 15*625° C. 



f 12-5° R. \ 
I 15*625° C. J 



For Liquids 

heavier than 

Water. 



Q g 00 

O= 200-n 

144 
S 144-n 

1443 



S 



S= 



S= 



S= 



1443 -n 

146'78 
= 14678 -n 

170 
170 -n 

400 
400-n 

1368 



0= Centigrade. 
R= Reaumur. 



S= 



S= 



s= 



1261 -n 

400 
400-n 

100 
n 

400 
400-n 

166 
166-n 



For Liquids 

lighter than 

Water. 



S= 



S = 



S= 



S= 



S = 



s= 



200 
200+n 

144 
144+n 

144-3 
144*3 +n 

146-78 
146*78 +n 

170 
170+n 

400 
400+n 

1368 
1261 + n 

400 
400+n 



n 



S= 



S= 



400 
400+n 

166 
166 + n 



S - specificgravity (water = 1000) 
n= degrees. 



* According to Schaedler, 
' it ti »» 



S = 
S=- 



100 
100 -n 

160 
160 -n 



S = 



100 
100 + n* 

160 
160 + n* 



Seduction to the Vacuum. — The apparent weight of a body in air 
is less than the true weight by an amount equal to the weight of air 
displaced by the body. As this is true of the weights as well as of the 
body weighed, if these happen to be the same in specific gravity, and 
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therefore equal in volume, the error on one side of the scale balances 
that on the other. Bat when the body weighed is water and the 
weights are of brass, about 8*5 times heavier than water, the volumes 
are nearly as 17 : 2, and therefore the apparent weight of the water is 
leas than the true weight by an amount equal to about yf ths of the 
weight of air displaced by the water, and the apparent weight of any 
other liquid equal in Tolume to the water is short of the true weight 
by a like amount. Therefore, if W and w be the apparent weights 
of the water and the liquid respectively, and if W+x be the true 
weight of the water, then if +2 is the true weight of the liquid, and 

the real specific gravity of the liquid is not ™ but .» x is always 

very small, and when W and a* are nearly the same, t.e., when the 
specific gravity is near unity, as in the case of most lubricating oils, 
the error amounts to only one or two points in the fourth decimal 
place and may be neglected. But in determining the specific gravity 
of a mixture of glycerol and water for the purpose of ascertaining the 
viscosity by means of the tables on pp. 134-137, the correction 
must be applied. As the weight of air varies with the temperature 
and pressure, the correction is not always exactly the same, but 
unless an error of ± "00005 is too great (which is not the case here), 
the following tablet will give the necessary correction without 
calculation : — 



Table XXXIX.— Correction fob Reduction op Specific 
Gravity to a Vacuum. 



Sp. gr. found. 


Correction Co i 
be added. | 


Sp. gr. found. 


Correction to < 
be added, j 


0*75 
OSO 
0« 
01)0 
095 
1-00 


+ 0*00031 
+ 0-00025 
+ 0*00018 
+ 0*00012 
+ 0*00006 
± 0*00000 


1*05 
1-10 
115 
1*20 
1*25 
130 


- 0*00006 

- 0*00012 

- 0*00018 

- 0*00025 

- 0*00031 

- 0*00037 



Change of Standard. (Determination of Density.) — To reduce 
the specific gravity of an oil or other liquid, compared with water at 
t° C. as standard, to the specific gravity compared with water at 4° C. 
as standard — i.e., to ascertain the density of the liquid at t* — all that 



* Alder Wright, "On Fluid Specific Gravities," Jour. Soc. Chcnu Ind., xi. 
(1892), p. 297. 
t Dittmar, Chemical Arithmetic, voL i. p. 111. 



PHYSICAL PROPERTIES AND EXAMINATION OF LUBRICANTS. 173 

is necessary is to multiply the specific gravity at t° by the density of 

water at t° which is given in Table XL. on p. 174.* 

20° 
Example. — The sp. gr. of a mixture of glycerol and water at -— C. 

20° 
was found to be 1*1848 ; therefore the sp. gr. at - r C, i.e., the density of 

the liquid, is 1*1848 x 0*99826- 1*1828. 

Alteration in the Densities of Lubricating Oils produced by 
Change of Temperature. — In order to determine the viscosity of a 
lubricating oil at any temperature, it is necessary to know the density 
of the oil at that temperature. At either 60° F. (15*5° C.) or 
212° F. (100* C.) it is easy to determine the density, but at inter- 
mediate temperatures it is not always easy. The density may, how- 
ever, be calculated nearly enough when the densities at 6Q° F. and 
212° F. are known. 

In Table XLL (p. 175) are given the densities at 60° F. and 212° F. of a 
number of lubricating oils, 'with the average differences for 1° F. and 1° C. 
It will be noticed that these differences are very nearly the same for all oils, 
and it is possible without much error to calculate the density of an oil at 
any given temperature between 60° F. and 212° F., if we know the density 
at 60° F., by means of the following formula : — 

V=d-kt. 
Where, d=the density of the oil at 60° F. 
D=the required density at t° F. 

{0*000369 for a fixed oil 
0-000367 for a Scotch mineral oil. 
0*000352 for an American mineral oil. 
0*000350 for a Russian mineral oil 

The following examples shew the degree of accuracy thus attainable :— 

1. Rape OH. 

Density at 60* F. (determined) =0*9151 

Density at 100° F. (calculated) =0*9151 -0*000369 x 40=0*9003 
Density at 100° F. (determined) =0*9002 

Density at 150° F. (calculated) =0*9151 - 0*000369 x 90=0*8819 
Density at 150° F. (determined) =0*8818 

2. American Cylinder Oil. 

Density at 60° F. (determined) =0*8858 

Density at 100° F. (calculated) =0*8858 - 0*000352 x 40=0*8717 
Density at 100° F. (determined) =0*8720 

* Taken from Dittmar's Chemical Arithmetic, vol. i. p. 107. 
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Table XLL— Table shewing the Alteration in Density of Lubri- 
cating Oils caused by Rise of Temperature (Archbuit). 



DsscsimoB of Oil, 


DXflBirf AT 


DtWTKEKVCE PIS OlS 


flO-F. 
l&V C. 


sitrF, 

IOC 0. 


Finr. 


Oral 


FLced Oils. 

Sperm oil, 
Olive oil, , 

Bape oil, 

Tallow, 

Castor oil, .... 


0-87828 
0-91586 
0*91506 
0*87840 
at 150° F. 
0*96240 


0-82290 
0*85962 

0-85948 
085572 

0-90500 


0-000364 
0-000370 
0-000365 
0-000366 

0-000378 


0*000656 
0-000666 
0*000669 

0-000680 

0-000659 


Average \ 


0-000369 


0-000664 


Scotch Mineral Oils, 
'890,' ' 


0-88826 
0-89064 


0-81160 
0-83560 


0-000373 
0*000361 


0-000671 
0-000651 


Aptrofa 


0*000367 


0*000661 


Ruaaian Mineral Oils. 
Refined light machine oil, 
» heavy „ 


0-89782 
0W960 


0-84420 
0-85684 


0-000353 
0-000347 


0-000635 
0-000625 


Average, 


0-000350 


0-000630 


American Mineral 011b. 

Pale 885/90, .... 
„ 860/70, , 

„ 903/7, . . ,. , 
„ 907/12, .... 

Red engine oil, 910/20, , 

* Bayonne ' engine oil, 912/15, . 
'Globe* oil (dark), ■ 

Dark med, machinery oil, 

* Yalvoline ■ cylinder oil, . 
Filtered cylinder oil, 885/90, . 

„ ,, 888, 
Dark A cylinder oil, 890/5, 
, t S * » n 895/900,. 
„ filtered N, „ *9QQ 9 l . 
„ locomotive „ £ 896, 1 


OOOQOOOOQOOOOOO 


0-82978 
0'81384 
084694 
0-85258 
0-86242 
0-85790 
0-82726 
0-82910 
0-63769 
0*83058 
0-83505 
0-84414 
0-84175 
0-84902 
0-84414 


0*000359 

0-000354 
0-000354 
0D00347 
0'000354 
0-000351 
0*000348 
0-000361 
0-000338 
0-000359 
0-O00334 
0*000361 
0*000350 
0-000350 
0*000353 


0-000647 
0-000638 
0*000638 
0-000626 
0*000637 
0-000633 
0-000627 
0*000649 
0*000609 
0-000646 
0-000601 
O-000651 
0*000631 
0-000631 
0-000636 




Average, 


0-000352 


0*000633 



• *r. \ ■•.■-• '* j." v T '.'■'■ 



.. . .■ hvtr -*. 









• y» in: ■. 



PHYSICAL FB0FKKHS9 AND KXAMDiATiaS OF LCBBJCA5T&. 177 



Table XLIU— Spicific Gravities at J^ C. of box* Mixed Fattt 
Acids (Arckbutt). 



Mixed Fattt Acnw mom 


:— Srmanc Giattit. 


Olive oil, 


C*"*74-€r»76 


Arachk (earth-nut) oO, . 








0*79 


Palm oil, . 








€r*70 


Bape oil, . 










0*75 -0*76 


BavisonoiL, 










0**0 


Cottonseed oil, . 










0**2 


Linseed oil, 
Poppy seed oil, 










Cr*92-0*a3 










<rv& 


Niger seed oil, . 










; 0*^*9 


Lara oiL . 










0*7* 


Tallow, . . 










0*70 


Whale oil, 










<r--92 


Blown rape oil (sp. gr. 0*9718), 




'r&23 


„ cottonseed oil (sp. gr. 0*9720), 


<r&26* 



Table XLTV.— Specific Gravities at 1^ C. of some Mixed 

KXr 
Alcoholb (ArtkhvJU). 

Mixed Alcohols noi :— Sracxnc CiA-mr. 

Arctic sperm oil, 0*271 

Wool fet> 0-9503 

Beeswax, Cr*.239 

Carnauba wax, 0*42# 



Table XLV.— Specific Gravities at tSff Y. {\hh* C.) or 

MINERAL LUBRICATCTO OlLB, BOSIS OiL, ETC. 



DBscBurno'f. 



American pale oils for spindles and light 

machinery, 
American pale oils for engines and heavy 

machinery, 
American dark machinery oils, chiefly for 

railroad use, 

American cylinder oils, 

Russian pale oils for light machinery (' No. 2 T ), 
Russian pale oils for heavy machinery C Xo. 1 '), 
Russian extra heavy oils, pale and dark, for 

cylinders and rough machinery, 
Scotch shale oils (lubricants), 

Bosin oils, 

Heavy coal tar oils, 



i»ncirK OiArm. 



*i97to -920 

*-77t» -Wl 

-W>\» -905 

*#& to 903 

-903 to -910 

-902 Uj "AW 

+~!>\/> -Htt 

-900 to J -001 



173 LUBRICATION AND LUBRICANTS. 

C— FLASHnTG-PODTT. 

AH lubricating oils when sufficiently heated give off vapour. The 
l /*xfihi\7-p i\t' is the temperature at which the amount of vapour 
given of is sudicient to form an inflammable or mildly explosive 
mixture wi:h the air over the surface of the oil, so that on the 
application of a dame the gaseous mixture ignites and burns with a 
momentary dash. As the temperature of the oil rises, more vapour is 
given o*. and when the production of vapour is rapid enough to 
maintain a continuous dame the oil takes fire and burns; the 
temperature at which this occurs is the 'firing-point,' 'fire-test,' or 
• burning-point * of the oil. The determination of these points, more 
especially of the dashing-point, is of great importance in the examina- 
tion of lubricating oils, because oils of low flashing- point are unsafe to use. 

An important difference exists in the behaviour of the two classes 
of lubricating oils when heated. The fixed (animal and vegetable) 
oils do no: evaporate, and no vapours are given off (except possibly 
traces of moisture) on heating them, until the oils begin to decompose; 
the vapours then given off are products of the destructive distillation 
of the oil, which requires a fairly high temperature to bring it about, 
aud consequently the dashing-points of such oils are high (over 400* 
FahrA On the other hand, all mineral or hydrocarbon oils evaporate 
when heated, and the temperature at which sufficient vapour is given off 
t:> cause a dash depends upon what hydrocarbons are contained in the 
oil. Mineral lubricating oils do not as a rule contain the more volatile 
hydrocarbons of petroleum, which belong properly to the naphtha and 
burning oil fractions, but ' natural ' oils, and imperfectly refined oils, 
may give off vapour at temperatures low enough to be dangerous. 

Owing to improved methods of manufacture, and greater care in 
refining, low- flashing mineral oils are more rarely met with than 
formerly ; nevertheless in textile mills, and wherever danger from fire 
has to be guarded against, the precaution of determining the flashing- 
p.unt of the lubricating oil must never be neglected. In 1883, Yeitch 
Wilson stated that he had met with one sample of oil offered for 
lubrication which flashed at the ordinary temperature of the at- 
mosphere, and several which flashed at 150° to 200° F. Prof. 
O rd way, who examined a large number of oils in actual use in cotton 
mills in the United States, found several which flashed at 180° F., 
and a larger number which flashed below 212° F. The use of such 
dangerous oils would not now be tolerated, and a flashing-point of 
340°-350° F. is accepted by oil manufacturers, users, and Insurance 
Companies, as a standard of safety to which all oils for indoor 
machinery ought to attain. For outdoor machinery, a limited 
quantity of oil is still sold having a flashing-point of 200°-210° F. 

It is seldom necessary to determine the flashing-points of fixed oils, 
but, as a means of detecting or confirming adulteration with light 
mineral oil, the test is sometimes useful. 

It is a usual practice to determine the flashing-point of cylinder 
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oils, on the ground that oils of high flashing point may be expected 
to evaporate less in the cylinders than those of lower flashing-point. 
Bat there is no necessary relation between thi point and the 

volatility of lubricating oils, and in comparing together mineral oils 
of different origin (e.g., Kussian and American oils) the I He oil 

may even have the lower flashing-point (see Table XLV1I. on p. 186). 
In the oathora 1 opinion, the flashing- point of cylinder oils is a test 
which might with advantage he dispensed with and replaced by a 
quantitati carnation of the amount lost by evaporation under 

definite conditions (see Volatility, p. 183). 

Determination of the Flashing-Point. 

1 Open Test.? Flashing- and Firing Points.— The method formerly 
nsed, and still preferred by BOmfi, for determining the flashing- and 
burning-points of lubricating oils, known as the 'open test/ consists 
in heating some of the oil, in which the bulb of a thermometer is 
immersed, in a small open metallic cup T a porcelain erudble -un bedded 
in sand, or some equivalent contrivance, and passing a small flame 
across the surface of the oil at frequent intervals. When the amount of 
vapour given off is enough to form an inflammable mixture with the air, a 
pale blue flash occurs on application of the test flame, and the temperature 
at which this flash is first observed is the flashing-point of the oil. To 
determine the firing-point, the testing is continued until on applying the 
Bame to the surface of the oil it takes fire and burns continuously, 

* Closed Test. 1 — A little experience is sufficient to shew that the 
above rough method of determining the flashing- point is incapable of 
giving uniform results. The temperature at which the fli 
obta: ends upon the presence or absence of air currents, the 

rate of heating, the size and shape of the vessel used, the distance of 
the test-flame from the oil surface, etc. The authors were among the 
first to abandon the *open r in favour of the * closed test/ now almost 
universally employed for testing lubricating as well as burning oils. 
For this purpose a brass cup furnished with a close-fitting lid and slide 
(an exact copy of the Abe] ; OBp) was constructed with b 

joints, so as to stand heating to a high temperature, and instead of the 
outer water-bath a thick cast-iron cup on feet was made iti which the 
test-cup fitted loosely. Heat was so applied to the cast iron fa 
to cause the temperature of the oil to rise rapidly at first, and when 
near the flashing* point the rate of heating was reduced to about two 
: j es per minute, and the gas testing flame was applied every two 
eea by opening the slide, exactly as in the Abel test. Improved 
ffatafl hive since been devised by Pensky and Martens, 
and by Gray, in which the important addition of a stirrer has 
introduced, which enables the heating of the oil to be conducted much 
more rapidly without impairing the uniformity of the results. 

The Feasky-Marten* Teat Apparatus.— Tin m fig. 57, 

onaistfl nf the brass cap A with flu up' B, whicn dro] the 

Q, the flange resting upon the tone ihiped brass Aidd IX 
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l.r-iT >:' rt •= z^ o=c.*:. is iLn- rr":*^..-^ .c z-*ii;L zioiaCure causes very 

Tu? lr.TTtirirL? 'in* '.kvz. *u ":;»:«::-: :j iz -=Li*:«:ri:e scries of testa by Holde. 
■•a'*-- '? r^r.t-ii-: ^:<Ls Tr.rli .i-s :c L5errn: ** u>T.:.^int*. he has shewn 
ZKiiZLZiZ -V-.Z.L :::rMz.i>.'iA v^^:r:ca sCrrixc *ives the same results 
::-■- wi^ii-.i:*: itimzx. in-i ▼Zcz. tescixg trie same oil several times 
itfrttfi *::l^i i :r" 3 dt^his C. ;3i" 4 to 5i* F.) even when the 
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thermometer rose as rapidly as 10° C. (=18° F.) per minute towards the end 
of the experiment. According to Holde, a rise in temperature of 12° C. 
(=22* Fahr.) per minute is permissible. The size of the testing flame does 
not influence the result appreciably, but it is not desirable to use too large 
a flame, otherwise the flash may not be plainly seen. Filling the oil holder 
above the mark, and so reducing the air space, tends to lower the flashing- 
point. Thus Holde found, that with an oil flashing at about 155° C. 
(=311° F.) the mean flashing-point differed 4° C. (=7*2° F.) according to 
whether the cup was filled 1 cm. below or 1 cm. above the mark. Accord- 
ingly it has been proposed by Aiflinmann* that as an oil of high flashing- 
point will expand during the test more than an oil of low flashing-point, the 
cup should not be filled to the same mark with all oils, but the quantity 
used should be such as will by expansion have reached to the mark at the 
flashing-point Thus, taking 000068 (per 1° C.) as the coefficient of 
expansion of Russian lubricating oils, the total expansion per 75 c.c. of oil 
(the quantity used in the Martens cup) is 0'5 c.c. per 10° C. Therefore, the 
quantity of oil to be used in order to ascertain the correct flashing-point of 
an oil flashing at say 200° C. should be, according to Aisinmann, not 75 c.c, 
but (at an initial temperature of 20° C.)— 



76 -( 200 io 20 ) x0,6=66cc - 



Correcting the volume in this way Aiflinmann obtained the following 
results: — 







Table XLVI. 






Usual Volume. 


Corrected Volume. 


Difference 

•c. 


Reduction in 

Volume of 

Oil used. 

c.c. 


Flashing Point *C. 


151° 


153° 


154° 


... 


25° 


6'55 


193° 


200° 


200° 


... 


7-0° 


8*65 


257° 


266° 


268° 


268° 


10*3° 


11-85 



To adopt Aisinmann's proposal would greatly increase the labour of 
determining the flashing-point, without any equivalent advantage. The 
test, however performed, is an empirical one, ana all that is required is the 
adoption of a uniform system of testing, so that disputes between manu- 
facturers and users may be avoided. The principal object of determining 
the flashing-point is the detection of dangerous and wastefully volatile oils, 
and from this point of view the method of testing which gives the lowest 
result is to be preferred. 

Holde t has since published further experiments shewing that with oils 
flashing between 172^ and 241° C. (342° and 466° F.) a variation of even as 
much as 13 c.c. below the normal filling of the cup does not alter the 
flashing-point more than 1°-1'5° C. (l-8 -2'7° F.). 

Grays Test Apparatus.— This (fig. 58) is an adaptation of the Pensky- 
Martens revolving slide and stirrer to the Abel cup. The inventor states J 

* Jour. Soe, Chem. Ind., xiv. (1895), p. 284. 

t Ibid., xvi. (1897), p. 322. X Ibid., x. (1891), p. 348. 
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atre three orifices, one, at which the test light is applied, At other cwasssaroi 
one at either side of it, being for the admisoa oc kt. It wiZ ua be 
Readily seen that the change from stirring to tetfostt sad tier nras as. be 
instantly performed. 

"The results obtained by this apparatus are vieasial wish vscmt cc4*rri»d 
"by the Pensky-Martens. They are not adecttd bv the a uii ' ie oc heat, a 
Slaked flame giving the same results as the sand Bach. It » Trmsavral 
*w?hat the rate of heating is, provided it is not too rarid to prevent a -gomes 
Wading of the thermometer. I prefer go release ti± aLi'u aaacmj rata 
*Tfarjng the point at which the oil is expected to nWo. Tbe cirrsss ii a>:c 
require to be worked continuously, but merely as intervals. I fad is 
•advisable to stir more frequently when the rate oc headw is £sst. 3 



D.— VOLATILITY. 

The property of being volatile or capable of evaporating wftl-y:* 
decomposition distinguishes the hydrocarbon oils from the £ x*d --*. 
but the temperature at which evaporation takes place de^ois -yx+ 
the nature of the hydrocarbons contained in the oil I- zz-j fa& *'-•* 
oil does not evaporate unchanged, for those hydrocar-o&a wh>.h ar* 
most volatile pass off first, leaving the less volatile hydrocarbon a-» i 
more or less viscid residue.* If the oil he a mixed oce, ^L* iw.j 
component remains also, and the composition and cLaracv* cf \c* 
original oil may thus become entirely ehanffed. The r**z f^xj.\.^k 'A 
machine oil scarcely evaporate in use, bet at the ilzz* work.':* z >.zz- 
peratures of steam cylinders all mineral Hbrk&tiiiz oil* *-\y,r*r*. 
It is obvious that an oil which evaporates to a *eriyis ex>r.~ \\ v.e 
working temperature cannot be an economical lihriom% %;r..;e i.i * -\\ 
evaporates is lost and the remainder may form a viscid or er*n a \ry 
residue on the bearing. Notwithstanding its importance, thl* yr 
perty of lubricating oils seldom receives the attention it favsrt^ a 
high flashing-point being generally regarded as sufficient evideTAtfe of 
the durability of even cylinder 01L Yeiteh Wilson Jong ago ca.>-l 
attention to this anomaly, pointing out that the significance atUs;h<?i 
to the flashing-point should be limited to what it really inflx*u& t 
viz. : — the relative safety of an oil, whilst the tendency to er*por%Vj 
should be ascertained by measuring the actual loss of weight u&d*r 
definite conditions of time and temperature. 

Determination of Volatility. — The usual method of determining 
the volatility of mineral lubricating oil is to place a weigh*! f jantltj, 
0*5-1*0 grm., in a shallow dish or watch glass and expose it in a 
water- or air-oven for a certain number of hour*, noting the loss of 
weight. Yeiteh Wilson states that machine oils when exposed in 
this manner for 10 hours at the temperature of the ordinary water- 
oven (about 212° F.) should not lose weight, whilst Hunt states that 
the loss in 24 hours should not exceed 0*25 to 0'5 per cent. Cylinder 

* At temperatures abort 200* C. the heavy hydrocarbon* decompose. 
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A 



3 by means of the simple regulator shewn in fig. 60. The air enters 
rulator at A, and a slight excess is kept continually escaping at the 
end of the wide tube B which is immersed to the depth of 3 inches in 
The supply is taken from the branch C, the orifice of which is 
d until just large enough to pass 2 litres per minute against atmos- 

pressure under the 3 inches head of water.* 

quantity of oil used for a test is 0*5 grin., which forms a thin layer 
e bottom of the platinum A 

ind the oil .is exposed to the c i -i 

Tent for exactly 1 hour, 
iemperature of the oven is 

to suit the requirements of 
st. For cylinders working 
> lbs. pressure per sq. in., the 
ested at 370° R, and should 
se more than from 0*5 to 1 
mt in weight in the time 
ed (1 hour). 

t be desired to use a cur- 
)f steam instead of air, the 
end of the vaporimeter is 
:ted to a flask or boiler, 
ihe outlet to a condenser, 
gas flame under the boiler 
filiated so as to distil a 
« quantity of water in the 
100 c.c. oeing a convenient 
e, though 92 ex. is the volume 
ed to give a current of steam 

equal to the above men- 
air current. The boiler is 
ied, all the steam is blown 

the tube, and the platinum 
Dntaining the oil is inserted. 

waiting a few minutes for 
ay of oil to become heated 
le steam current is turned 
f the tray be inserted with- 
rst blowing out the steam, 
condenses upon the tray, the 
teps over the edge, ana the 
spoiled. 

3 figures in the following table shew the kind of results obtained 
is test. All the samples of oil tested were pure mineral oils, the 
ihree being described as cylinder oils, and the last two as 
ne oils. 

lis is done by connecting the exit-tube C, by means of a flexible tube and 
o the neck of a bell-jar of known capacity, full of water, sunk in a bucket 
jr. A 8 the air passes into the bell -jar, the latter is gradually raised so as 
a tain the same water level within and without the jar, and the orifice of 
anch C is made of such dimensions as will allow the jar to till in the 
ted time. 



n>t_n 



mix 



5 



Fig. 60. 
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Table XLYIL— FuLBmra-Foora ato Volatility Compared. 



1 

1 

No. Description. 

i 
1 


8p.Gr. 

At 

9TW. 


Flashing- 

Potot 

(Pensky- 

Msrtens) 

•F. 


Low of Weight in 
1 hr. at 370* ¥. 


In Air; 2 
litres per 
Minute. 


In Steam; 
lOOccof 

Water 
condensed 
per bow. 


i 

1 | American cylinder oil, . 


0*902 


685° 


Percent. 
012 


Per cent 


1 

z : » n n 

** it » » • 


0-898 
0*893 


512° | 

424° 


0*54 ( 
0-56) 

4-18 


0-70 
0*46 
0-68 


4 American machine oil, 


0-897 


402° | 


168 j 
163 I 
147 
143 


181 
17-6 


5 Russian machine oil, . 


0-909 


380°| 


16-0 
16*7 



As the volume of steam passed over the oils in these experiments 
was about 8 per cent, in excess of the volume of air, the figures in the 
two lust columns are not comparable. But if we assume the rate of 
evaporation to have been proportional to the volume of steam, and 
correct the results accordingly, the following numbers are obtained, 
which agree so closely as to shew that the rate of evaporation in both 
steam and air is the same. 



Average Loss per cent. 



No. 2. 



In air current, . I 

h\ steam current of same volume) j 
icalculaud), . . . . J j 



>'o. 4. 




No. 5. 



1450 



15*04 



It is evident that no simple relation exists between the volatility 
of an oil and the flashing-point. It is true of the four American oils 
tli a; as the tlashing-point falls the volatility increases; but the Rus- 
*:a:i o;'» hashing at 380° lost less by evaporation than the American oil 
iU**iiti£ at 402\ The two oils flashing at over 500° F. both lost less 
!.:a:i jHjr cent,, though there is a difference of 73° F. in their 
V'.'i'sjv'.nu, on iho other hand, No. 3, which flashed 88° F. 
N ■'.. *w No. 2. to*; over 4 per cent., and No. 4, which flashed at 
.»i-.:\ •:•:* 1\ lower still, lost over 16 per cent. 
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e.— SETTiHG-Ponrr as cold test of LimramgG 

on*. 

The effect of cold upon lubricating oxLs a not the waste a* trpca 
simple fluids such as water, glycerin, etc The Latter hart fixed acd 
accurately ascertainable freezing-points, as wfcieh a ecspueSe change 
from the liquid to the solid state takes place, boa fabricating out, 
which are mixtures of bodies of various mrfting-poinsg, behave like 
solutions, and frequently deposit some portion of their cotwtitnritu 
before the whole mixture solidifies. Thus, otrrc and lard oils deposit 
a solid fat, sperm oil deposits spermaceti, and some hydr oc ar bon o£s 
deposit paraffin. The ' setting-point ' of an oil wiQ therefore vary 
according to whether it be regarded as the temperature at which solid 
matter commences to separate, or the t rrnpnatuie at which the oil 
completely loses its fluidity. The setting-point of Scotch mineral oils 
is considered to be the temperature at which the separatism of solid 
paraffin is observed to commence; but Russian oils, some pale 
American oils of high viscosity, and all dark-coloured or opaque oils, 
which either deposit no paraffin or in which the separation cannot be 
seen, are considered to have reached their setting-point when tb*y 
cease to flow. The low setting-point of Russian lubricating oils, 
which deposit little or do paraffin, is characteristic, and serves to 
distinguish them from the American and Scotch oils; Russian oik, 
when cooled, simply become more and more viscous until the setting- 
point is reached. Among vegetable lubricating oils, cassor and 
almond oils have the lowest solidifying-poinis. 

Very erroneous conclusions regarding the setting-point of an oil 
may be formed unless sufficient time be allowed in making the test. 
This is especially true of fixed oils. Thus, Salkowsky * found that a 
cod-liver oil, which remained perfectly clear when cooled for a short 
time to - 15° C, became quite solid after several hours' exposure to 
— 4° C. The subject has been more fully investigated by Holdet 
The solidification of such oils is promoted by stirring, and by adding 
to the fluid oil a fragment of the same oil in a frozen state. Mineral 
oils assume their permanent state for any given temperature much 
more rapidly than the fixed oils, and, except when testing by the 
Scotch method (see below), they should not be stirred, as the net- 
work of solid hydrocarbons, which sometimes causes such oils to set 
before they have wholly solidified, is broken up by the stirring and 
the setting-point is thereby lowered. Mineral lubricating oils fre- 
quently undergo a change in their solidifying points by previous 
heating, and it is therefore important that the portion used for the 
setting-point determination should not have been recently used for 
any other test which has involved heating above the atmospheric 
temperature. 

# Jour. 8oc Ckef*. ImL, viL (1888), p. 87. 

t Ibid., tx, (1890), p. 112 ; alao xv. (1896^ pp. 188 and ISO. 
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tin- temj»erature as whicL a mineral oD commences to deposit wnfiaisM 
iullnwF* : — The oil it* poured to the depth of about £ inche? nfip i thkk- 
walltKJ tesi-tuU- aliout 14 inches in diameter, and the xube » imiaenBd ma 
ireuziiip mixture and Jowly Birred by a thermometer until iz hat beet 
moled dowi: considerably below the temperature a; which aoliri paraffin fiat 
apjieurb. Tht- tuU- i«* then removed rrani the xreezmp-mixnne. wiped, and 
hch! up lietweeii thr eye and a window, and, whila: the oD is canoadr 
stirred with the therm onieter, the tem pe ra ture at which the laffl tra* A 
Mibd parumii diaapjieun? i> read off. Thi* operation is repealed waa the 
samv sample of oiJ until two experimentF give cancordam xesofca, and 
thv tennieraturv a> iound h- the Betting-point oi the onrjile. 

Archbnttt Method for determining, approxim ately. " the tempentciv at 
wlauL an oil cease* to flow is carried out m a rcmgerjasor (fifrQ), casting 





Fig. 61. 

-i.-il "fc^L-.i :l* i ? :m-he* in diameter and li irj-rrjcs- in 5tT".h. 
■\r. ."... . , .:.:...-j-: :n £ w;o5i£. ':*. x K njr.v^_::i: ■£ in:br* 
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experiment. ThemnamderareiHnrTied to the ice after this has been mixed, 
by thorough stdrring, with sufficient powdered aft to lower use fe wnprraau c 
about 5° F. The quantity to add ■ soon leaned by experience. Acer 
SO minutes' exposure to the lower temperature the tubes are again 
examined, any oils which have now set are taken oat and the t miprras.ii e 
is read off on the thermometer. The addition of salt b repeated, and the 
gradual lowering of temperature with examination of the oik every JO 
minutes is continued until the last oil has set, or until the t wpeiatuze can 
be reduced no further. In this way the setting-point of aofla anvrtawd 
within 5° F. A closer approximation can be made, if desired, bw a second 
experiment, in which the temperature, when near the aettmg-pomt, m more 
gradually lowered. The setting-points of oils which soiidxfV at semperatares 
above that of melting ice may be ascertained Jby pZaeinz tne tabes in water 
at the temperature of the laboratory, and then gradoaHy lowering the tem- 
perature of tins' water by the addition of small oroantitiei of vat until the 
setting-point of the oil has been reached. Animal and vegetable oik moat 
be stirred frequently, and the lowering of the temperature most be more 
gradual than in the case of mineral oils. 

Hofmeister , B Method.— The special feature of tins method b the nee as 
freezing liauids of saline solutions of such strength that they are satnrated 
at their freezing-points; such solution* when partially frozen remain 
constant in temperature until they hare become entirely liquefied or solidi- 
fied, and are thus very convenient for keeping the temperature of an oil 
constant for a length of time. The following adnrkaia may be used : — 



Table XLVHL— Salot Frkbztsg Solctioxs. 







rteezfsgPafBtofta* 




Parte of ft** 


SUmAm. 


Salt. 


per 100 porta 

of water. 










Fakr. j Gcas. 


Potassium sulphate, . 


10 


28-r : - \ir 


Sodium carbonate crystals, 




20 


fsr ' - 2-o* 


Potassium nitrate, 




13 


26HT 


- 2-S5* 


Potassium nitrate, . 






13 1 
3-3 J 


23-0* 


- 5-cr 


Sodium chloride, 






Barium chloride, 






35-8 


16-3* 


- 8-r 


Potassium chloride, . 






30 


12-4* 


-109* 


Ammonium chloride, 






25 


4-r 


-15'4* 


Ammonium nitrate, . 






45 


1-85* 


- 16-75' 


Sodium nitrate, 






50 


006* 


-17-75* 


Sodium chloride, .... 


33 


-4-3° -21-30 s 



A solution selected from the above list is placed in the vessel a (fig. 62), 
and about 4 c.c. of the oil to be tested are placed in one of the tubes h 
immersed in the solution. A freezing-mixture of ice and salt is placed in 
the outer vessel b. As soon as the temperature of the solution m a has 
fallen to its freezing-point, if it does not commence to crystallize it is caused 
to do so by stirring, or by dropping in a small portion of the same solution 
which has been previously frozen in a test-tube. The temperature of the 
liquid in a, and therefore of the oils in tubes hh, will now remain constant 
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so long as the liquid remains only partially frozen, and to miintiWi 

sondition ana prevent compl« " Hon from taku 

is necessary is to lilt the vessel a or ing mixtur 

1 hours, i 1] an? 

out of the bath, and any oil* which don»>t Bum on inclining the tubes are 



^ 



Fig. «2* 

considered to have eet at the temperature of the hath. The remainder are 
tin n bested in a solution freezing at a lower teinjteroture. The stat 
liquids are preserved for use in 61 i mpen d hi ttlea, r riils i« a scientific method 
lining accurately the etfect on uila of prolonged exposure at low 
temperatures. 



^L 



Flo. C3. 



Bohnlts's Method.— In this method, used in Germany, the oil is 
until of hi ney that when subjected to a fixed pres> 

aed diameter it wiU flow at a definite minimum speed. Th» 

aoed into a gla*s U-tube, U nun, in inch i 

filled to a depth of 3o cm. in eacli limb. Several such tubes, supj 

1 1 >le Btand, may be cooled together in a solution of known freezing-point, 
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Hofmeister's method, the time of cooling being 1 hour. Each tube 
cession is then connected by its longer limb with a manometer, and by 
tig a pinchcock a pressure equal to 50 mm. of water is caused to act 
the oil. The specification of the Prussian State Railways stipulates 
:he oil when thus tested after cooling for 1 hour at a temperature of 
C. in winter or — 5° C. in summer must flow in the tube at a minimum 
f 10 mm. per minute. 

fliabue's Standard Oil Freeier (fig. 63), used in the United States, is 
ircular in shape with a flat side. It consists of an inner chamber F, 
unded by an ice-chamber C, with a non-conducting jacket A, filled with 
os. The oil is contained in a glass cup, 4 inches in depth and 3 inches 
imeter, which is fixed upon a rocking shaft by means of which the cup 
e tilted and the condition of the oil seen. A thermometer is immersed 
: oil, and two others register the temperature of the ice chamber. Two 
>cks connected to the inner chamber are for the introduction of warm 
f it is desired to raise the temperature, and the tap at the side is for 
ing away the liquefied ice. A glass window in the flat side enables the 
be observed. 

Table XLIX.— Settinq-Points of Some Vegetable and 
Animal Oils, 



on. 


Setting-Points. 








•F. 


•c. 


chis (earthnut) oil, . 


+32 to +19-4 


Oto -7 


ch nut oil, 


+ 1*4 


-17 


leline oil, 




- 0"4 


-18 


x>r oil, . 




+ 14 to -0*4 


-10to-18 


liver oil, 1 




+32 to +14 


0to-10 


xraseed oil, 




+33*8 to+60 


+ 1 to+10 


cas oil, . 




+37-4 


+ 3 


apseed oil, 




Between + 5 and — 17 *5 


Between - 15 and - 27*5 


ioil, . 




+25 to+42 


-4 to -5*5 


seed oil, . 




Between + 5 and - 1 7 '5 


Between - 15 and - 27*5 


ze oil, . 




+ 14to-4 


-lOto -20 


itard oil (black), . 


( +2S(Holde) 
\ +0*5 (Chateau) 


/ -b(Holde) 

\ - 17-5 {Chateau) 


„ (white), . 


+ 17-6to+3-2 


-8to-16 


tsf cot oil, 


+32 to + 50 


0to+10 


erseed oil, 


Below + 15-8 


Below -9 


e oil, . 


+39*2 to +21 '2 


+ 4to-6 


pyseed oil, . 


+ 3*2 to- 1*3 


-16 to- 18*5 


poise oil, 


+ 3'2 


-16 


e oil, 


+28-4 to+10'4 


- 2to-12 


oil, 


+ 28-4 to +26*6 


- 2to-3 


me* oil, . 


+24*8 to +21 -2 


- 4to-6 


rm oil (Southern 






id Arctic), 


About 32° 


About 0° 


flower oil, 


+ 3'2 to- 1*3 


-16 to -18*5 


nut oil, . 


Between +5 and - 17'5 


Between - 15 and - 27*5 
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Tjlblk L. — SKTTixG-Ponns of Mtjtzral Lubricating Oils. 



Description. 8etting-Polnt. 



Scotch Oils, . About 32* F. (Veiieh Wilson). 

American Oils, Very variable. Depends largely upon the amount of 
solid hydro-carbons present Winter machinery oil 
generally sets at 25° to 32° F. (- 4° to 0° C.) by Arch- 
butts method ; but oils which do not set above 15° F. 
(- 9* C.)are met with. 

Russian Oils, . The best qualities of refined machine oil do not cease 
to flow when cooled to zeroFahr. (- 18" C). 



F.— MELTING-POINTS OF FATS AND LUBRICATING 
GREASES. 

Melting and Solidifying Points of Fatty Acids.— In the melting 
of natural fats, mixed fatty acids, lubricating greases, etc., the same 
phenomena present themselves as are observed in the setting or 
solidifying of oils, viz. : — that, as we are dealing with mixtures, the 
temperature of incipient fusion, at which some portion of the substance 
becomes fluid, and the temperature of complete fusion, at which the 
whole has liquefied, are not, as a rule, the same. It has also been 
observed that the melting-points of fats and fatty acids may be pro- 
foundly modified by previous heating of the melted substance. Thus 
Clague * found that the melting-point of cacao-butter, originally 75° F., 
was raised to $6° F., by keeping the melted fat at a temperature 
just under 100° F. for 2 hours. A temporary change in the melting- 
point usually occurs immediately after the substance has been melted 
and re-solidified. Thus Bevan t found that a crystallized fat obtained 
from lard, which had been melted in a test-tube and then caused to 
solidify rapidly by chilling in cold water, re-melted at a temperature 
about 15"* below the first melting-point; on gradually raising the 
temperature, the fat re-solidified and regained its normal melting-point. 
In consequence of such facts as the above, the temperatures recorded 
as the melting-points of fats and fatty acids by different observers, 
using different methods of preparation and manipulation, unfortunately 
present discrepancies which will not be removed until some uniform 
system of testing has been agreed upon. 

In the examination of lubricants, the object of a melting-point 
determination may be twofold. Firstly, a knowledge of the melting- 
point of a fat or lubricating grease may be required for the purpose 
of ascertaining its behaviour under the practical conditions of lubrica- 
tion ; and secondly, the melting- or solidifying-point of a fatty acid 

* Allen, Coml. Org. Anal., vol. iii. pt. ii. p. 570. 
t Analyst, xviiL (1893), p. 286. 
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or of a mixture of fatty acids may be required as a means of identifying 
the oil or fat from which the fatty acid or mixture has been obtained. 

Preparation of the Substance* — Whatever methyl be em] riain 

precaoJ A be observed in the preparation of the *ub 

which are the following : — 

(1) Exci | 148 of fabricating greases f a >1 i< 1 i Bed I >i ! • 
r moat be removal ttavi 

in tli»- water-own and allowed all visible water to settle out, the : 
oil is poured off, and the remaining teem of nurture are gut rid of 

Dg in 

the water-oven until a cold Jmm plao fte beaker no longer 

iiinmed by ormrtenaen wml i ting greases, in 

which water may be present as an eaeeaua] constituent, must of course 

betted without any previous prepare! 

(2) In melting EiatB riooj to the determination of the 
- jiig-jH»iiit, the temperature snotiM not be raised higher, and thi- 
ng should not be continued Longer, thai eaary, 

(3) Sodden shilling to hasten re-eolSdification must not lie resorted to, 
nice must be allowed to solidify naturally. If the tempera- 

tui» be above the solid ifying-point, the substance should 

l»e placed in a sufficiently o end or refrigerator, and after 

i i ft at too has taken place, at least an hour or two, and in most cases 
boa 1 1 1< • -24 hours, should be allowed to elapse before the determina- 
tion of the melting-point Is undertaken. 
Determination of Melting- and Solidifying -Points, — Pohls Method. — By this 
method the temperature of incipient ro rhich a substance begms to 

melt, is determined, The bnlb of a thermometer T (fig, 6-i) is dipped into 

■ melted substance and removed with a coating of the substance adhering 
iiis has solidified, and has remained for a sumei.nt length of 
to acquire point, the thermometer is teed, by means 

of a cork, in a long boiling-tube 0, the bltlb of the thermometer being placed 
about \ inch al* 1 i on of the tube, A groove is cut in the aide of the 

cork for tie I air. The tube is then supported iu the clamp of a 

retort stand, about 1 inch alxrve a disc of sheet u ettOB, uhie.h is 

heated by means of a small flame bo that the temperature 
gradually. The moment a drop of liquefied fat is observed to collect at the 
}ia"rt of the thermometer bnlb, the temperature is read off and is re- 
corded a.* the melting-point, This is a very good method for the examina- 
tion of tallow and other fata. 

Stock's Method for Greaaea, — The following modification of PohTl method 
has been recommended by Stock for ascertaining the melting-points of soap- 
thickened oils* A clean, narrow teat-tube ii ntted over the tower end of a 
v means of a band of stout iadiambbei tubing, the annular 
space between the walls of the tube and the thennometei not exceeding 
nth of an inch. The narrow teat-tube i.n fixed, by means of a 
within a wider and longer tube. A small quantity Of the ample 
tested is taken upon the bulb of the thermometer, which is then carefully 
inserted into the inner tube, down to within half an inch of the bur; 
The a il then immersed in a beaker of either water or clear Jan I 

oil (according to the melting-point of the grease) and is heated on a disc 
of asbe*to« millboard supported over a Fletchers Argand- Bun-en. By 
he side of the beaker, the temperature at which the 



Analyst, xiv. (18S0), p. 2. 



N 



I 
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t flows down to a dear bead at the bottom of the tube may be observed, 
by means of a hand-lens if necessary. This it recorded aa the melting- 
point of the sample. 

Capillary Tabe Method. — This aimple method for determining the point 
of incipient fusion is frequently need for the examination of fatty acids and 
other substances of fairly definite, and not too low, melting-point. There are 
several ways of operating, but the following is one of the most convenient. 
The capillary tubes, which are made by drawing out soft glass tubing, 
should be very thin-walled, about 10 cm. long and 1 mm. in internal 
diameter. They are left open at both ends. One end is dipped into the 





Fig. 64. 



Fio. 65. 



melted substance, until enough has risen to fill about 1 centimetre of the 
tube, which is then laid aside in a cool place for several hours, preferably 
over night, for the substance to solidify and regain its normal melting-point 
The other end of the tulw is then held for a moment in a small flame and, 
while hot, is pressed against a small bar of wood W, fig. 65, coated with 
sealing wax, by which means four or more of such tubes may be sup- 
ported in a beaker of water as shewn in the sketch. The beaker is placed 
upon a disc of asliestos millboard over a burner, and a thermometer 
T, held by a clamp or suspended by a cord, is placed with its bulb 
close to the filled ends of the capillary tubes. The water in the beaker 
is then slowly warmed up and continually stirred by the glass stirrer 
S, and the temperatures at which tlie substances melt and rise up the 
capillary tubes are recorded. The mean of two experiments in separate 
tubes, which should closely agree, is taken as the melting-point of the 
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substance. In examining mixed fatty acids, it is frequently noticed that a 
portion will liquefy and run up the tube, leaving the remainder still solid 
behind. Clague found that the melting-point of cacao-butter determined in a 
capillary tube varied according to the diameter of the tube. 

Beniemann's Method,* whicn is preferable to the above, determines two 
points, viz. — the temperature of incipient fusion and the temperature of 
complete fusion. A piece of narrow thin-walled tubing is drawn out 
to a capillary point ana sealed at the small end. A small portion of the sub- 
stance is then melted in the wider portion of the tube, in the position 
shewn at A a (fig. 66) and is allowed to solidify. After a sufficient interval 
the tube is attached, by means of two small indiarubber rings cut off a 



of tubing, to a thermometer, with the fat close to the bulb, and the 
ometer is supported vertically in a beaker of water. The water is 



piece 
thermometer 



< 



a ft 

Fio. 66. 



ft 



Fio. 67. 



slowly warmed up, with continual stirring, until some of the fat begins to 
flow ; the temperature observed at this moment is the 'point of incipient 
fusion' When the substance has melted to a perfectly clear and transparent 
liquid, as shewn at b (fig. 66), the temperature is agam read off and is the 
4 point of compUU fusion. 1 

Bach's Method. — Bach and Hiibl have published a number of melting- and 
solidifying-points of fatty acids which were ascertained in the following way. 
The substance was brought into a test-tube about 7 mm. in diameter, and 
whilst being stirred gently with a thermometer, the temperature was noted 
at which the mass became quite clear (' melting-point '), and that at which 
a cloudiness began to form (' solidifying-point '). 

Cook's Method. t — This is a modification of T. Redwood's method.^ Two 
beakers are supported one within the other, the minimum space between them 
being 1 inch at the sides and l£ inches at the bottom. About 1 inch in depth 
of mercury is placed in the inner beaker. The outer beaker contains either 
water or melted paraffin (according to the temperature required) the surface 

* Jour. Soe. Chem. Ind., iv. (1885), p. 535. 
t Proc Chem. Soc. t xiii. (1897), p. 74. 
X Analyst, L (1877), p. 51. 
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of which must be at least 3 inches above the surface of the mercury. Minute 
fragments of the substance whose melting-point it is desired to determine 
are placed on a small piece of ferrotype-plate f with the varnish removed), or 
on a microscope cover-glass, and floated on tne surface of the mercury, in 
which the bulb of a thermometer is immersed. The beaker is covered with 
a card. The water or paraffin in the outer beaker is then slowly heated up 
with frequent stirring, until the substance is observed to melt ; it is then 
allowed to cool and the solidifying-point may be read off. This method is 
said to give closely concordant results. 



Table LI 


.— Melting-Points of some Fats, Waxes, etc. 


Description. 


Name. 


Melting- Powra 


•F. 


•a 




Bone fat, .... 


69*8- 71*6 


21-22 , 




Coconut oil, 




68-0- 82*4 


20-28 




Cotton seed stearin, 




78-8-104 


26-40 • 




Morse fat, 




107-6-109-4 


42-43 1 


Fats. 


Lard, 




96-8-118-4 


36-48 1 




Palm oil, . 




80-6-108-5 


27-42*5 | 




Palm nut oil, . 




73-4- 82-4 


23-28 1 




Tallow (beef), . 




107-6-119-3 


42-48*5 




„ (mutton), 




111-2-123-8 


44-51 




Beeswax, .... 


1427-158 


61*5-70 


Waxes. 


Carnauba wax, . 


181-4-186-8 


83-86 


Spermaceti, 

Wool fat (neutral), . 


109-4-113 


43-45 




87-8-108-5 


31-425 




Cerasin (refined ozokerit), . 


141-8-172-4 


61-78 


Hydrocarbons. 1 Paraffin wax, 


98-137 


36-7-58-3 


1 Vaseline, .... 

! 


104-122 


40-50 



Dalican's ' Titre Test.' — This test, which was devised by Dalican for the 
valuation of tallow by determining the solidifying-point of the mixed fatty 
acids, has l>een applied by Lewkowitsch to a large number of oils and fats. 
The fatty adds, obtained from 100 grms. of fat by the method described on 
p. 227, jKjrfeetly dried by filtration through paper in the water-oven and 
allowed to solidify over night, are re-melted at as low a temperature as pos- 
sible and introduced into a stout-walled test-tube, measuring 7 inches long by 
If inches diameter, which is filled rather more than half-full. The tube is 
supported, by means of a cork or a rubter ring, in a wide-mouthed bottle of 
colourless glass (see fig. 67), and a centigrade thermometer, graduated, say 
from 0~ to 70°, in fifths of a degree, is suspended with its bulb in the centre of 
the fatty acids. As soon as crystals begin to appear at the bottom of the tul>e 
the fatty acids are stirred by giving the thermometer a rotatory movement, 
first thrice to the right, then thrice to the left, and then continuously in 
one direction, without touching the sides of the tube, but taking care that 
the whole mass is kept uniformly mixed. When the mixture becomes turbid 
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Table LII.— Melting- and Solidifying-Points of Mixed Fatty Acids. 





MIXED FATTY AdDB 
FROM 


MKLTDfO-POINTB * C. 


SOLIDIFTIN 0-POHVTB * C. - 


LASS. 


Bensemann's 
Method. 


Other 
Methods. 


Various 
Methods. 


'Titre' Tests 
(LewkowiUch). 




Point of Point of 
Indpieut Complete 
Fusion. Fusion. 




Olive oil, 

Arachis (earthnat) oil, 
Castor oil, . 

Palm oil, 
Palm nut oil, 
Coconat oil, . 
Japan wax, . 
Cotton seed stearin, . 


28-24 
81-82 


26-27 
84-35 


(24-27 # 
\ 19-28*5t 

27-33 
13 

41-50 
20-7-28-5 
24-27 
66-67 
27-80 


| 17-24-6 

22-31 
2-3 

89-46*2 

15-7-20-4 
63-56-5 
21-23 


1716-26-4 (12 

samples) 

29-2 

85-9 -46-6 
20-6 -25-5 
22*5 -25-2 

59*4 

851 


ftetable 

li-drying 

oils. 


Rape oil, 

Rape oil, (Stettin), 
Kavison oil . 
Mustard oil, . 

Cottonseed oil, . 
Cottonseed oil, 

Curcasoil. . 
Sesame oil, . 
Beech nut oil, 
Maize oil, . 
Cameline oil, 


18-19 
89-40 

25^26 

I 


21-22 
42-43 
29l30 


16-21 

15-17 
84-40 

27*5 
21-32 
23-24 
18-20" 
18-20 


10-6-185 

15 : 5 
30-6-36 

18'6^28'6 

17 

14-16 

13-14 


12*2 -13-6 
lHb(Archbutt) 
below 0' ( „ ) 

87-6 
32-7-35-2, part 
of the stearin 
removed 
286 
22-9 -23*8 


ge table 
ing oils. 


Linseed oil, . 
Herapseed oil, 
Mgereeed oil, 
Poppyseed oil, 
Sunflower oil, 
Walnut oil, . 






below 18-24 
17-19 
26-26*6 
19-22 
17-24 
16-20 


13-3-17-5 
14-16 

16-4-17 
17-18 
16 


19'4 -20-6 
16*6 

16-2 


Jilmal 
ils and 
fats. 


Xeatafootoil, 

Tallow (beef), 

„ (mutton), . 
Bone fat, 
Horse „ 
Lard, .... 


42-44 
49-50 

48-44 


45-47 
58-64 

46^47 


29*8-30-8 

46 

46-49 
80 
87-6-39-5 
35-44 


;• 

28 
37-3-87-7 
32-5-89 

•• 

:: 


26-5 

38-3 -463 
41-5 -488 

337 
42-0 


farlne 
maloila 
and 
id wax. 


Sperm oil (inc. Arctic), 
Whale oil, . . . 
Seal oil,. . . . 
Cod liver oil, 


•• 


•• 


10-3-13-8 
14-18J 
22-38 


86 -11-9 

23 9 

15*9 

18-9 -24 3 


x (solid). 


Wool fat, . 


...I.. 


626| 


•• 





* 208 samples by De Negri and Fabris. 

t Ail observers ; the lower numbers obtained with Callfornlan oils. 

X 27* Jean. 

lArchbutt. 
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throughout, the mercury is watched closely. At first it will fall slowly, but 
at a certain point it will* rise a few tenths of a degree, sometimes 2 or 3 degrees, 
and will then remain stationary for a short time before commencing to fall 
again. The point at which it remains stationary is the c titre ' or soliaifying- 
point of the tatty acids. 



G.— KEFBACTION TEST. 

In the analysis of lubricating oils, the refractometer will be found 
a iwef ul though not an indispensable instrument. The kind of instru- 
ment employed may be one such as Abbe's, by which the index of 
refraction of the oil is measured, or a differential refractometer, such 
as that of Trannin or Amagat and Jean, in which the deviation of the 
ray is measured on an arbitrary scale. 

The following table contains the refractive indices for the D line of 
some oils as determined by Abbe, Strohmer, Holde and others with 
Abbe's refractometer : — 

Table LIII.— Refractive Indices. 



Oils, In order of their Refractive Indices. 


Index of Refraction 








_ 


at 15' C. 


at «r C. 


Keatsfootoil, . 


1-467 -1-471 




Olive oil, 






1-4670-14717 


1-4690 


Sperm oil, . 






... 


1470 


Ilape oil, 






1-4720-1-4757 


1-472-1-475 


Cottonseed oil, 






1-4743-1-4752 


1-4748 


Sesame oil, . 






1-4748-1-4762 


... 


Mustard oil, 








1-4751-1-4760 


... 


Poppy oil, . 








1-478 


... 


Castor oil, 








1-4795-1-4803 


1-490 


Walnut oil, 








1-4804 


1-491 


C(xl liver oil, 








1-4800-1-4852 


1-4800 


Whale oil, . 








... 


1-483 


Linseed oil, 


. 






1-4835 


1-4780 


Beechnut oil, 








... 


1-5000 


Mineral lubricating oil, 






1-490 -1-500 


i 


Rosin oil, 






1-530 -1*550 


i 



The instrument generally employed for commercial purposes is the Oleo- 
refractometer of Amagat and Jean, the essential parts of which are shewn 
in section in fig. 68 (p. 200). It consists of a collimator and a telescope 
having a common axis, between which is fixed a hollow prism for con- 
taining the oil. The hollow prism A is a metallic cell, having opposite 
glass windows CC fixed at an angle of 107°, and surrounded by a oath of 
sheep's foot oil (* huile type ') contained in the vessel BB, which is furnished 
with opposite parallel windows DD 1 . The temperature of the oils in the 
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Table LIV. — Tests op Oils with Amagat and Jean's 
Olko-Refractometer. 



Class. 


Name of 00, etc. 


Refractometer 
Degrees at 22 s C. 


Initial of 
Observer. 


Vegetable 
m-drying 
oils. 


Olive oil, 

Arachis (earthnut) oil, 

n n »> 

Castor oil, . 

„ ... 


±0to +3*5 
+5 to +7 
+3'5 to +6'5 
+39 to +42*6 
+37 to +46 


P. J. B. & L. 

P. 

J. B. & L. 

P. D. & R. 

J. B. & L. 


r egetable 
mi-drying 
oils. 


Rape oil, 
Ravison oil, . 
Cottonseed oil, 
Sesame* oil, . 

Beech nut oil, 
Cameline oil, 


+ 15 to +20 

+20 to +24 • 

+ 17 to +23 

+ 13 to +18 

+45 

+ 16-5 and +18 

+32 


P.&J. 

P. 

P.&J. 

P.&J. 

B.&L. 

J. 

J. 


Vegetable 

drying 

oils. 


Linseed oil, . 
Hempseed oil, 
Nigeraeed „ 
Poppyseed „ 

Sunflower „ 
Walnut „ 


+ 48 to +54 

+32 to +375 

+ 26 to +30 

+30 to +35 

+ 23*5 to +29*5 

+35 

+35 to +36 


P. J. B. & L. 

P.&J. 

P. 

P. 

J. 

P. 

J. 


aimal oils. 


Lard oil, 

„ ... 
Neatsfoot oil, 
Tallow oil, . 

» .... 


±0to +1 
+56 

-lto -4 
-1 to -5 
-16 


P. 

J. 

P.&J. 

P. 

J. 


Marine 
rimal oils. 


Sperm oil, . 

„ (Arctic), 
Whale oil, . 

n n • • 

Seal „ . 
Shark liver oil, . 
Cod liver „ 

» n 


-12 to -17 
-13 to -16 
+42 to +48 
+30*5 

+30 and +36 
+ 29 to +35 
+40 to +46 
+38 to +53 


J.C. 

C. 

P. 

J. 

P. 

P. 

P. 

J. 


scellaneous. 


Rosin oil, 


+ 78 


J. 
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cell, B, and in the prism are kept at a constant temperature of 22° C. by 

means of an outer water-bath not shewn in the figure. The light rays from 

an ordinary gas flame placed at the end of the collimator Q traverse the oils, 

and are focussed by the lens E l of the telescope upon the photographed 

scale H, and viewed through the magnifier M. The collimator has, instead of a 

slit,a moveable shutter with a sharp vertical edge, which throws part of the field 

into shadow, and the edge of this shadow is focussed sharply upon the scale. 

In using the instrument, the prism A is first of all filled with some of 

the standard (sheep's foot) oil, similar to that contained in the outer cell ; 

there is then no refraction: and the edge of the shadow if not exactly on the 

zero of the scale is adjusted to it by moving the shutter. The standard oil 

having been drawn off through the tap R, and the prism rinsed with ether 

and dried, the oil to be tested is introduced, having been previously brought 

to exactly 22° C. in temperature. The deviation is then read off upon the 

scale. 




si 



'* ""I B 



Fio. 68. 



The results obtained by different instruments of this kind are only com- 
parable if the ancle of the prism of each instrument, the focal distance of 
the lens E 1 , and the scale H are precisely the same. Allen states that this is 
not always the case, and tliat a sample of oil which shewed 4*5° in his instru- 
ment gave 6° and 11° respectively in two others. Therefore, every new 
instrument before being purchased should be tested with genuine samples 
of two or three typical oils, say olive, linseed, and castor, and the deviations 
compared with the numbers given in Table LIV. by Pearmain (P.) Jean (J.) 
Bruyn and Van Leent (B. and L.), and Chattaway (C). 

H.— COLOUR AND APPEARANCE. 

The colour and appearance of lubricating oils are very variable. 
Some, like lard oil, are almost colourless, but most present a variety 
of shades of yellow, red, brown, and green. All the fixed oils and 
the refined mineral oils are transparent; the unrefined natural and 
reduced mineral oils are mostly opaque. Some exhibit fluorescence. 

As the colour and appearance of oils depend upon the conditions 
under which they are viewed, this physical character, when of import- 
ance, must be estimated under definite conditions. Redwood uses for 
the purpose Lovibond's tintometer, observing the colour of the oil in 
a 2-inch cell.* 

* Jour. Soc. Chem. Ind. t ix. (1890), p. 14. 



CHAPTER VII. 

CHEMICAL PROPERTIES AND METHODS OF EXAMINATION 
OF LUBRICANTS. 

A FEEE AGED, OB ACIDITY. 

I. Nature and Amount of the Free Acid in Oils. — Free acid in an 
oil or fat may consist of 

(1) Free fatty acid, naturally existing in small quantity in most 

vegetable oils, or set free in larger quantity by the decom- 
position of a vegetable or animal oil during storage in a 
crude state, or by the action of sulphuric acid in the 
refining process; 

(2) Resin acids, present as a natural constituent of rosin oil, or as 

added rosin ; 

(3) Organic (petroleum) acids, naturally existing in crude mineral 

oil; 

(4) Free sulphuric or other mineral acid used in refining the oil- 

and not properly washed out. 

Free acid of any kind is objectionable in a lubricant for metallic 
surfaces, owing to its corrosive action. Free fatty acids have the 
additional disadvantage that the soaps formed by their action on 
metals dissolve in the oil and cause it to thicken and gum. 

Mineral lubricating oils in the dark unrefined state contain small 
quantities of weak organic acids varying, according to Holde,* from 
0*2 to 2 per cent, calculated as oleic acid; but the pale oils, when 
well refined, are almost perfectly neutral Owing to their constitution, 
mineral oils are not capable, like animal and vegetable oils, of 
developing acidity by decomposition, though some of the contained 
hydrocarbons can undergo oxidation with formation of resinous and 
asphaltic products. Acidity of refined mineral oils is most likely to 
be due to the accidental presence of sulphuric acid, which is used in 
refining, but such an impurity is now rarely met with and would shew 
great carelessness in washing the oil. 

All vegetable and animal oils, on the other hand, contain free fatty 
* DU UnUrsuchung der Schmiermittel, p. 85. 
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acids in proportions varying tram leas than a 5 per cent, to upwards 
of 50 per cent. The least acid oils are those refined with alkali, such 
as ' animal oil * and cottonseed oil ; the acidity of these oils varies, 
according to Archbuttfs experience, from 0*08 to 26 per cent., i.e., 
it is practically negligible. More acidity is met with in those oils 
which are refined with sulphuric acid, such as rape oil, which contains 
on an average about 3 per cent, of free (oleic) acid, varying, according 
to published figures,* from 0*52 to 6"64 per cent., but seldom 
exceeding 5 per cent. 230 samples of refined rape oil tested by 
Archbutt, all representing large contracts, gave the following results :— 

Number of Sample* Free (Oleic) Add, per cent 

9 11-1-9 

60 2-0-2-9 

125 3-0-3-9 

33 4-0-4*9 

3 5-0-5-7 

230 (Average), 3*16 per cent 

Traces of free sulphuric acid are met with in rape oil which has 
been refined with this acid (see p. 301). 

Those oils which are stored in a crude state, and are not afterwards 
chemically refined, often contain such large amounts of free fatty 
acids as to quite unfit them for use as lubricants. 

Thus, in 9 samples of palm oil, Archbutt found from 11*9 to 789 
per cent, of free (palmitic) acid.f Lewkowitsch states that he has 
found from 50 to 70 per cent, of free (palmitic) acid in a large number 
of commercial palm oils. 

In 151 samples of olive oU from various sources, Archbutt found 
the following percentages of free (oleic) acid : J — 



Table LV. 



Number 

of 
Samples. 


Source. 


Free (Oleic) Acid per cent. 


Highest Lowest. 


Average. 


70 
36 
28 
12 
3 
2 


Spain, .... 
Italy, .... 
Sicily, .... 
Candia, .... 
Levant, .... 
Zante, .... 


251 
25*2 
16-6 
168 
13*5 
87 


1-5 
0*9 
0*5 
5*5 

8"5 
4*8 


55 
85 
91 
9*5 
10*4 
67 



# Lewkowitsch, Analysis of Oils, $tc. t p. 404. 

t Analyst, ix. (1884), p. 171. 

X Jour. Soc Chem. Ind., viil (1889), p. 685. 
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Other observers have found from 1*0 to 27*2 per cent, of free (oleic) 
acid in olive oils. 

In 25 samples of tallow examined by Deering * the following per- 
centages of free (oleic) acid were found. 



Table LVI. 



Number 

of 
Samples. 


Source. 


Free (Oleic) Acid per cent. 


Highest 


Lowest. 


Average. 


13 

4 
4 
2 

1 
1 


Russian, .... 
Australian beef, . 

„ mutton, 
Town tallow, . 
Unknown, 
Town tallow, 6 years old, . 


12*20 
8-86 
7*15 
6*96 
2*10 

26-0 


2-20 
1-75 
0*85 
455 


5*48 
4*47 
391 
575 



Eighty-eight samples of tallow examined by Archbutt gave the 
following results : — 

Table LVII. 



Number 

of 
Samples. 


Source. 


Free (Oleic) Acid per cent 


Highest 


Lowest 


Average. 


55 

9 

11 

12 

1 


Home melted, . 
Australian mutton, . 
South American beef, 
Unknown,. 


11-90 
12*84 
7*60 
10-60 
83*60 


1-40 
1-00 
0-70 
1-30 


4-89 
4-84 
2-07 
4*65 



In 23 samples of Indian castor oil, examined by Deering and 
Redwood, f the acidity, calculated as oleic acid, ranged from 0*70 to 
5 '30 per cent, and averaged 2*58 per cent. ; 6 samples of castor oil 
for lubricating, examined by Archbutt, contained from 1*47 to 2*70 
per cent ; and Thomson and Ballantyne found, in two samples, 14 6 
and 2*16 per cent, respectively. But Nordlinger found J in 9 
samples of expressed castor oil from 0*62 to 18*61 per cent, of free 
acid, or an average of 9*28 per cent. ; whilst in 5 samples of 
extracted oil he found from 1*18 to 5*52 per cent., or an average of 
2*78 per cent. 

In 8 samples of sperm oil, seven examined by Deering and one by 

• Jour. Soc. Chtm. lnd., in. (1884), p. 640. 

t Ibid., xiii. (1894), p. 961. 

X Lewkowitach, Analysis of Oils, etc. t p. 8. 
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Thomson and Ballantyne, the acidity as oleic acid ranged from 
0*55-2*64 per cent., and averaged 1*7 per cent.; in two samples 
of Arctic sperm oil it was 1*97 and 2'11 per cent, respectively, 
averaging 2*04 per cent. Fourteen samples of southern sperm oD, 
examined by Veitch Wilson,* contained from 0*5 to 2'0 per cent, of 
acidity, averaging 1*32 per cent.; and 29 samples of Arctic sperm 
oil contained from 0*5 to 3*0 per cent, of acidity, averaging 1*78 per 
cent. Therefore, Arctic sperm oil is a little but not much more acid 
than southern sperm. 

Acidity is not the same as rancidity. Ballantyne t has shewn that 
oils can become rancid without the liberation of any free acid what- 
ever, and the converse is also true. The researches of Ritsert and 
others have proved that the changes which produce rancidity of oils 
are due to oxidation. J 

The acidity of most fatty oils tends to increase by keeping, bat it 
is a mistake to suppose that the change, as regards refined oils, is 
rapid enough to be of any practical importance. Thus Ballantyne! 
found that olive, rape, castor, and arachis (ground nut) oils remained 
unchanged in acidity for six months, whether kept in the dark in 
corked bottles or exposed freely to sunlight and air. It has been 
stated § that palm oil is exceptionally liable to increase in acidity 
by keeping ; but some neutral palm oil prepared by Archbutt, after 
being kept in a stoppered bottle in a dark cupboard for 14 years 
was found to contain only 0'4 per cent, of acidity, calculated as 
palmitic acid, all of which may have been originally present, as the 
acidity was not determined after the oil had been purified. 

II. Effects of Free Fatty Acids in Lubricants. — Burstyn,[| who 
was one of the first to pay attention to the corrosive effects of fatty 
oils upon axles and bearings, shewed, in 1876, that the action of olive 
oil on brass was greater the more acid the oil. It is, therefore, sur- 
prising that Redwood 11 and others who have been at much pains in 
investigating the relative action of various fatty oils upon metals did 
not determine the amount of free acid contained in the oils they 
experimented with This omission makes their experiments almost 
valueless, as the different effects observed may have been entirely due 
to differences in the acidity of the different oils, and not to any differ- 
ence in the properties of the oils themselves. 

Not only is it probable that neutral fatty oils have no chemical 
action on metals, but it is doubtful whether even the free fatty acids 
can exert much action in the absence of air and moisture. Thus Fox ** 
suspended thin strips of lead in the mixed fatty acids prepared from 

* Carpenter and Leask, Soap, Candles, Lubricants, and Glycerin, p. 298. 
t Jour. Soc. Chan. Ind., x. (1891), p. 29. 

X See Lewkowitsch, Analysis of Oils, etc., p. 10 ; also Mjoen, Jour. Soc. Chem. 
Ind., xvii. (1898), p. 2f>3. 

§ Groger, Jour. Soc. Chem. Ind., viii. (1897), p. 202. 
|| Dingier' s Poh/t. Journal, cexvii., p. 314. 
T I. J. Redwood, Jour. Soc. Chem. Ind , v. (1886), p. 362. 
** Analyst, viii. (1883), p. 116. 
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linseed oils and found that after having been heated for several 
!0* 1 I not lost weight. E. Donath* took bright, 

f iron, copper, brass, and zinc, and 
►me in strongly acid olive oil and others in crude 
At the and of three weeks, tli vere found to have 

little lo^s of brightness and a scarcely perce; 
Even when the oils were kept heated to 7Q°-8< I 
*-176* F.) for several days, the metals were not attacked, But 
is to immersing the metals in the acid oils, the latter 

[socially with water, by vigorous 

readily took place. Donath concluded from these 

:ife that the eorrCMNTa action on metals of lubricating oils 

to ft great extent upon whether 

ae into contact with atmospheri , and 

>u or other means, water gets into the oil. It 

t to account in any other way for the very erratic manner 

in whj times takes place, such as is illustrated by the 

everal years ago. 

1. in the same 
low, palm oil, soap, and water, but containing re* 
L, 1*6, an* 1 . cent, of free fatty acid, wer* taken, 

aUo ft sample o dm oil, free from water, containing 

p«r cent, of free (palmitic) acid. Into each of these five specimens of 
grease, etc,, two strips of bright steel were inserted, and after an 
interval c I they were taken out, cleaned and examined, 

rilh the following results; — 



Wit 



Strict bummed In 



Grease No. 1, 
Grt« 



Acid 



14 

h; 



ComlUiou of the Steel After 4 Months* Initiienlon. 



Both strips bright. 

n 
ignt, 1 deeply corroded in one spot. 
- deeplj corroded on one - 
Both itnpi Enerefv stAined and not corroded. 



If f ts alone can attack steel, the two strips immersed in 

the Very arid palm oil should have been the most corroded, instead 
of wl rely stained, whilst 

cent, of free fatty 
led, doubtle* of the simultaneous presence of water. 

most acid grease proved to be the most 
Mir, 

tilings, if heated together in a test ( 
. ed and brown o!eal<- 
impound ia decomposed, hy oxidation, 

tuil , ccxcix, , p. 1 8G ; Jour. Soc. Chem. fad* t xiv. (10 







206 LUBRICATION AND LUBRICANTS. 

peroxide and free oleic acid, which again attacks more iron; in 
this way a comparatively small quantity of the free fatty acid has 
been known to perforate wrought iron plate more than £ inch in 
thickness.* 

Although a metal in stationary contact with a cold solid grease 
containing free fatty acid may undergo serious local pitting, as proved 
by the above experiments, the corrosive action upon a brass or journal 
of the free fatty acid existing in a fluid oil, or in a grease lubricating 
a journal in motion, may escape notice, because it is spread over the 
whole of the rubbing surfaces. But the effect will be observable in 
the thickening of the oil and in the formation of gummy deposits. 
Allen has already recorded the following instance of this, which 
was communicated to him in 1883. A mixture of olive oil with 
from 10 to 15 per cent, of mineral oil, which had been taken out of a 
railway carriage axle-box much thickened after about three weeks' 
use, was found to be of a deep green colour and to contain in solution 
much copper and zinc. Some of the oil was dissolved in ether and 
shaken with dilute nitric acid to extract the dissolved metals; the 
ether was then evaporated, and the oil was recovered with its original 
colour and almost its original fluidity restored. From this it is 
evident that the thickening and gumming of fatty oils on bearings, 
generally attributed solely to oxidation, may be due partly to soaps 
formed by the chemical action of the free fatty acids upon the metal 
of the bearing, dissolving in and thickening the oil. 

III. — Determination of Acidity. — The acidity of lubricating 
oil, which, as already stated, may be due to the presence of more than 
one description of free fatty or resin acid, or (rarely) to a mineral 
acid, is generally determined volumetrically and expressed either as 
oleic acid or as sulphuric acid or sulphuric anhydride. In this country 
it is usual to express the acidity of a fixed oil or fat in terms of oleic 
acid, on the Continent the acidity is frequently stated as sulphuric 
anhydride. Another method of expression, adopted by Benedikt, us 
known as the ' acid value, which is the number of milligrammes of 
potash (KOH) required to neutralize tlie free acid in 1 grnu of oil. 
Koettstorfer has proposed to express the acidity in 'degrees,' 
which are the number of c.c. of normal alkali required to neutralize 
the acidity of 100 grms. of oil. Koettstorfer's degrees have the 
advantage to a chemist that they are at once converted into any 
required acid, if multiplied by the saponification equivalent of that acid 
-f- 1000. The relation of the different methods of expression is shewn 
in the table, on the following page, by Benedikt. 

For the estimation of total acidity, 5-10 grms. of the oil may 
be completely dissolved in a neutralized mixture of ether (4 pts.) and 
absolute alcohol (1 pt.) and titrated with an alcoholic decinormal 
solution of caustic soda, using phenolphthalein as indicator ; or, the oil 
may be merely shaken up in a flask with neutralized methylated spirit 

* V. Wartha, Dingler's Polyt. Journal, ccxv., p. 115 ; Stock, Cham. News, 
xxxix. (1879), p. 6. 
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Degree* ; = c.v. of 
. i alkali re- 
quired to n»JUtrnllze 
LOO grmi, of oil. 




1 
1 7*2 
3546 



iotf] Vain 

^milliffrm*. of K<MI 

repaired to neutralize 

1 gniL of oil. 



0-661 
I 

1-9863 



Okie Acid, per cent. 



1 

7*05 



Sulphuric Anhydride, 
per cent. 



0040 
CWW13 

0*1418 

1 



(which dissolves the free acid, leaving most of the neutral oil insoluble) 
and titrated with aqueous caustic soda solution. The latter method 

I is simpler, and is sufficiently accurate; it ia therefore preferable for 
technical purposes. The solutions required are : — 
\&t soda soltUwn. 1 c,c,= 0*282 grm. Oleic Acid. 
l An alcoholic solution, containing 3 grins. 
pbQDOlphth&lein in 100 c.e,, neutralized by shaking with dry po- 
cipitated calcium carbonate and filtering, 
sthylaUd tpmi; prepared by tUling a stoppered bottle of 
ahout 600 CC Capacity with ordinary methylated Spirit, adding 10 
cc. of phenolphthaleiti solution, and dropping in normal caustic soda 
solution from a burette until the liquid assumes a faint permanent 
pink colour. 

To determine the acidity of a fluid oil in tenoe of oleic add, weigh 282 
gnus* of the oil into an Erleiimeyer flask of about capacity, add 

of neutralized alcohol and 2 cu. of pbenolphthalein solution. Then 
rid normal caustic soda solution from a burette, cautiously at first, but 

' i in quantities of 0*5 to VOc.cor more at a time ii tin- crimen colour at 
kly on shaking. When the o Jour begun to djaap- 
■TjOork the flask and sbak* len odd the soda in smaller 

quantities, finally drop by drop, vigorously shaking the corked Cask 

ich drop, until the alcoholic liquid fa permanently coloured 
The number of cc, ol normal caustic soda solution m 
percentage of free acid, expressed as oleic acid, in the sample, If the 
quantity of cS avails 1. 8*82 gnus, may be titrated with decinormat 

soda, which will give the same result. 

A KotU fat t such as tallow, may be titrated in the same way as a 

k be kept suiiicii-ntly heated to maintain 

telted condition. In weighing out t9 me of it is first 

i beaker to the counterpoised flask 

until the v nearly made up. The tlask is then removed from the 

■ 1 to become quite cold. It is then rej I the 

weight is made up by adding a little more fat In titrating palm oil, 

deep red in colour, the half or quarter of 28*2 grms. 

be taken and mixed with 100 to. of aloohd instead of 50 cc ; the 

colour change can then be sharp] v with very red samples. 

The I is multiplied by 2 or 4 a* the case may be, to get the 

i ■ of acid. 

Very aafk oJouroJ oils, in which the colour change cannot be detected 

method, shout - well shaken with two or three 

their volume of neutralized alcohol, then j)oured into a separating 

funnel and left for the liquids to separate. The oil is drawn off into the 
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l- : •"-.as-- v^L- : - ■»"!:! *=. ~r-.il v-lume of alcohol, whilst the 

'" _ - ' }-- --..Lri::r > drawn otf into a clean flask. The 

.- i ;" ^ ic-j^l >:^rv*i :r.:o the funnel and allowed to 

-"!:-- > : .~- f \r. : *Likvii a third time with alcohol 

■ : .ri •.' _ ". ri:r»:# Living r*-*n mixed with the tir?t, 
". • -. li::'.t1::u: i :? ::::»:*ri with caustic ?oda. 

:.._?: r :^:~: : r «t*.-»r\>ly. a.* the almre method.* 

- - - ' „ - v -.-- :.:-t tz. • r..:r.-.-r»I \:i i. To detect the present 

"■-*- i "ii -- :-ir.:::y. siy 25 «:..\, or about the same 

" - : : - - '.. ii. : r% T I*. *L»ke it in a separating funnel with 

" " i" : """ ■- :".r TiVr i.** iju:> separated from the oil 

-_.-•. ■ " :-: - -.;«rr ::/^ * ^.k«k. i::i a-id to therriW li.j-ii.J 

* t. ■" •. r.'-jr :l ;..:»:.• r. whi.h i? unaffected by fatty arid*, 

•?--~ : :— -= r._i-n'. i.-iwir. :::x,:e the liquid red. 'iffrw 

- ■:-:-- :;.t ..1 ^-»y '•? icvl:: *:i.*ken several time? with 

■ - - ; •: -s-;:.::. n.:^ ill :":- acii ha* l«een washed i«ut. aui 

/ ■* _. •.. :*- T r. "»• r.v*::riliz«-i 1 y adding normal caustic 
* "" - r ■: :• 1 :r ;>: :::i:je* to yellow. 1 c.c. of normal 

- ■ . :.: :* * -k> ™.-. :: *:;Iphuric acid, or 0*040 grin, of 

. :.:■* -.•-7.:::y :".. ;1 taken. The neutralize*! solmioa 

- -. : t ?r_. •■. 1 v.l;r..-r \z.\ j-rti-n* tested with appropriate 

- -.: : ..*.c:: .7-r :_■«. nv.ure <..£ the acid present. v See also 

~^ ""'"■ : /:ry -.v^ v n;::«: be well K»iled with water 

■ _ .. '.-.: «;".. :!:•= - -t-^ m ; rder to decomjxiee the compyiuid 



: "..- " ,i ",.'' :: --- : o=c..H. i <?|| 1 - lH +so ; (OH).. 

- ■». ■ . hj '.r.\j-*:t.%ri.* a:i-i. Sulphuric acM. 

"" ."-•: : • :. :>.v a •■:■„ ::s li-.uii. after separation fp-m 

. ~ ■ .;• ri:.«: .: «:* :. ■ v-out 7«.» c.c, filtered 1-rigi.: 

?: .• . *r\: >.•:.» >'.-.:: !.. v.*\u^ methyl or-inuv is 

.:". :v.-ir.:* " •.- \:: i.r.ed. precipitated with Karium 

r " ' : .:-, -*•.:«::.•-:,:: h-:red. 

J-i*'zzfjr.; **::riu:i cf "bee fatty and resin acidi. — Tlie free fatty 

- ■. - „ ... .'. ... : :*: ::*.:y \v avjaratcd and weighed in the 

n - " — ".".•■: :» i::.o: a:i-l rin.^1 into a separating 

■ - : v. .:«.? : .v»- \vn placed to s»eal the t.i]». 

» •. :■ ;^. i*.. .In %\ -.:'.. <:i\.\ quantities (1«»-^U r.f. 

: ". .-.-: -•!. . «irain:njj ^0 ci*. i«f a 1" 

\ : :t :.r.i-.i il.h.i made up with water to 

- .:-. -. \:: . :-.-: 1- c.c. of the dilute w^la M*Iutinn f 

...■'. : so- >. I-; irriii. i leic acid). The mixed 

» \ - ^ - %.- w.:\ • l.::"e etr.er tn reim>ve trace* t»f oil, 

- :'.■■.:: » ; '.. .:. 1 >:.ikr-nwith ether to di.- 

: >. A"' : v L-V.ir.u' the ethereal si .hit ion 

-n. .*. : . :":.»■ r> >: /.:•■ i? he.itol on the watiT-»»veii 

1. >-...• * :. iv :...:.■, se^initol and estim.itifl l'V 

• « ..".•.:.-.■"..' :.i-;;: r.il oil may l>e recoverol 

% Av,-..-.-.v.: of Fuv Acd ponnissible in Lubricants. — The 
;.».• .-,. .; ■. .■Tt-.i.^-.Me :i: a lubricating oil deiKUids ui>on 
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the nature of the oil and the purpose it is used for. A refined 
(pale) mineral oil should not contain any acid whatever; but the 
dark-coloured ' reduced* oils may be expected to contain traces 
of weak organic acids varying, according to Holde, from 0*2 to 
about 2*0 per cent., calculated as oleic acid. Free mineral acid, which 
can only occur through imperfect refining, should not be permitted 
in any oil ; but some free fatty acid must be allowed in fixed oils and 
fats. Experience shews that 4 per cent, of free fatty acid, calculated 
as oleic acid, is a practicable working limit, and no olive oil, tallow, or 
other oil containing more than this proportion of acidity should be 
used for lubricating. The less there is below this amount the better 
the oil. 

Y. Process for refining small quantities of oil. — Neutral oil or tallow required 
in small quantity for delicate mechanism, instruments, brass taps, etc., can be 
prepared as follows : — Take a good commercial sample of the oil or fat, con- 
taining not more than say 5-7 per cent, of free (oleic) acid, and place it in 
a bottle with one-third of its volume of caustic soda solution prepared by 
mixing a 5 per cent, aqueous solution of caustic soda with half its volume of 
methylated spirit. Add also some phenol phthalein. Stand the bottle in 
hot water, so as to raise the temperature of the contents to about 150° F., 
and then shake the oil and soda together, thoroughly, but not too vigor- 
ously. If the crimson colour of the phenolphthalein is bleached, add more 
soda until the colour remains permanent on continued shaking. Then allow 
the liquids to separate, while hot, in the bottle or in a separating funnel, 
and siphon or tap off the lower liquid. Wash the oil by shaking it a few 
times with a mixture of water 2 volumes and methylated spirit 1 volume, 
allow to stand until the water has separated, filter the oil through a dry 
filter, and heat it in the water-oven to a temperature not exceeding 212° F. 
until bright. 



B.— DETECTION OF BAPONIFIABLE AND UNSAPONI- 
FIABLE OIL. 

Pure mineral oils and refined rosin oil free from resin acids are 
chemically indifferent towards alkalis, but all the fixed oils, fats, and 
waxes when heated with caustic soda or potash are saponified, with 
formation of glycerol or wax alcohols and soaps. This difference of 
behaviour is the basis of the processes for the detection and estima- 
tion of fixed (saponifiable) oils and hydrocarbon (unsaponifiable) oils 
in the presence of each other. 

I. Detection of Fatty Oil in Mineral Oil. 

Lux's test, improved by Ruhemann,* depends upon the property 
possessed by quite small quantities of soap of causing the gelatiniza- 
tion of mineral oil, as well as upon the frothing or foaming of soapy 
liquids when heated. 

• Jour. Soc. Chem. Ind., xii. (1893), p. 470. 
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:: E^tectfoc cf Xir.ffld Oil in Fatty Ofl. 

~"; >** rj E :"•£«» -J- impends upon the fact that an 
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:* "~ :: ti^: : bu:. ir. the presence of mineral oil, the 
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■ ■ - •: ". ?■_!.-: t-:>: := jrii-^y a-ldrd, well mixing aitt-r 

. . : " : *."■ -.:. "..•-.-•- '.t~r. added altngether. If un- 
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C— THE SAPONIFICATION VALUE. 

I. Meaning and Use of this Value. 

The re.\c::or.s lotweon caustic alkalis and the compound ether? 
. *:.M : .i.ed in oils and fats take place in definite proportions, and in 
;..e vVise cf any single ester can be represented by an equation (see 

* /•..- CnUrsuchurg »hr SehmtirmWel, p. 111. i Ibid., p. 114. 

* J.ur. z.c. Can. Ltd., xiii. 11&94;, p. 426. 
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Determination of the Saponification Value. 
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over night, and filter through a dry filter paper into the reagent bottle, which 
should be closed by a rubber stopper and Kept in a cool, dark cupboard. 

Seminormal hydrochloric acid, accurately standardized with pure sodium car- 
bonate, which has been heated to just below redness for 5 minutes and cooled 
in a covered platinum crucible in a desiccator immediately before weighing. 
1 cc. of strictly seminormal acid neutralizes 0*02807 grm. EOH. 

PhmolphthaUin solution. (See p. 207.) 

(a) In determining the saponification value of a fixed oil or fat, exactly 2*5 
grins, are weighed into a small wide-necked flask* and 25 cc. of the seminormal 
potash solution are added from a pipette. t Exactly the same volume of 
potash is then delivered into an empty flask of the same size and shape. The 
two flasks are closed by corks having a groove filed in the side for tne escape 
of vapour. The * blank ' quantity is placed at once inside the water-oven. 
The flask containing the oil is first of all heated on a steam-bath until the 
alcohol commences to toil, it is then agitated with a rotary motion, to and 
fro, so as to break up the oil into small globules and facilitate the saponification, 
care being taken not to splash the liquid up on to the cork. When (in the 
case of a pure fatty oil) the globules of oil have entirely disappeared, or when 
(in the case of a mixed fattv and mineral oil) the oil anil alkaline solution have 
been thoroughly boiled and agitated together, the flask is placed inside the 
water oven. After fifteen minutes have elapsed, the ' blank ' quantity is taken 
out, mixed with about 1 cc. of phenolphthalein solution, and carefully titrated 
with the seminormal acid until the crimson colour is just bleached ; the 
flask containing the saponified oil is then similarly treated, and from the 
relative volumes of acid used the saponification value is calculated as shewn hy 
the following example : — 

Weight of oil taken ; 2*5 grms. 

Volume of *- acid used for the * blank/ . . . 26 05 cc 

„ „ „ sample, . . . 1055 cc 

Difference ; = — KOH required for saponification, 15*50 cc 

Therefore, 100 grms. of oil required 15*5 x 002807x40 = 17*40 grm*. 
KOH for complete saponification ; i.e., the saponification value is 17*40 
per cent. 

The quantity of potash used in this test should be largely in excess of the 
quantity required for saponification, and if it should be iound on titrating 
with acid that the potash added has been nearly all used up, the test must- 
be repeated, either with less of the oil or with a stronger potash solution. 
In general, correct results will be obtained by adhering to the proportions 
given al>ove. 

(b) In testing mixed fatty and mineral oils, especially when the propor- 
tion of mineral oil is large, it is safer to attach the flask, by means of a good 
ordinary cork, to a reflux condenser, and boil for an hour or more to ensure 

* The balance case should have a side door, by opening which the oil can be 
dropped from the bottle straight into the flask ; the weighing of an exact quantity 
is then quite easy. 

t The pipette used to deliver the potash solution should have a rather wide jet, 
and should be held vertically in the centre of the neck of the flask until the 
liquid has run clean out ; it should then be immediately removed, and not allowed 
to drip or drain. 
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LVIII— Saponification Values of Oils, Fats, and Waxes. 



ble non- 
oils and 



He semi- 
igoila. 



•le drying 

lis. 



I oils unci 
its. 



j animal 
rid fluid 
ixes. 



i (solid). 



n oils. 



carbons. 



Name of Oil, etc 



OUT© ofl, , 

Oil™ kernel oil, 
Arachl* (earttraut) oil. 
I'm tur oil. 
Palm oil, , 
Pal in nut oil, 
Cuconut oil, 
J span was, 
Cottonseed stearin, 



Rape oil, , 
RnvLsou oil, 
M listen I nil (blackl 
Mustard oil (white), 
tfottiuisved oil, , 
Citrcaj *i\L 
sennit oil, 
Beank nut oft, . 
Brazil nut oil, . 
Mali* nil, 
CameHfie nil, > 



Unse**d oil, ' 

}{i ! 1 ji [.-■•' 'I nil, 
N Jjrtrsteil oil, 
Puppy seeil nil, 

MnnHutfL-l* ol], 

Walnut nil, 



Larded!, . 
Nratfn>ot nil, . 
Ttittiw (beef, mutton, 

Ht'tlli flit, * 

Hum fat, 



and home refined), 



Bpenu and buttlcnoa* oils. 

Porpoise liody oil, 

PuHKitee Jnw nil, attained fnjni solid fat, 

Pi >]>'!*£ jaw oil, nnst mined, 

lAriphlu body nil, 

Tkilphhi Jew oil, strained from solid fat, 

Whale oil, 

Seal oil, , 

Menhaden (til, , 

8Ardine til (Japanese), 

flharklivnr utl, . 

Cod liver oil, 



Wool fat, 
Spermaceti, 
Beeswax, . 
Carnauba wax, . 

Blown rape oil, . 
Blown ravison oil, 
Blown cotton seed oil 
Blown seal oil, . 

Mineral oil, 

Vaseline, 

Paraffin wax and certain, 



Saponifieati&n Value. 
KOH required Ui saponify 
l«o parte ui the subat&nce* 



H-* -10* ; usually 

about I9HJ ■ 
lfi-23-18'38 
1§ fi -19-7 
17-8 -1ST 
10'tt -fcTI 

u-q -se-a 
8i-4 -sa-i 

18-6 



i7o-i7-a{i7-flf> 
in -i7-s 

17*0 -17'4 
10-1 -19*7 
19-3 -10 S 

ia-8 -19-fi 

191 -19'6 
lP-3 

lBd ~19'3 

is? 



IS*B -19'5 
19'U -IU-3 
U9 -ltti> 
1(10 -ltt-8 
18'tt -ltl'4 
1B"» -IS*7 



I 01 l:r'i 

10*4 -10-7 
1 0*0 -10B 
191 

19 "5 -lO'T 
19'5 -197 



W3 -it'l 

2S*S -t£7-S 
14'4 

10-7 
20 '0 

18"B -10 4 
IB'9 -19'fl 
lg» -10-2 
10*0 -19 '2 

i4-o -i9 -a 

171 -19-9 



8'2 


-130 


12*6 


-13-6 


8*8 


-10-7 


7*8 


- 9-5 


19-6 


-20-3 


l!0-0 




218 


-21*6 


22-1 





nil. 



* De Negri and Fabris, 203 samples. 
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I -UTLTSZSATTZ AXAITHS OF MIXED 

l~TkTATISG OILS. 

I: 1? :"•- : ::•: *-:.l: "Lif • tlto^ij:!:. :: a rixnr* ?f mineral oil and 
1 5zx_: a. v- :l:"7 :_ ."jjl :* skLrzLav-d frozi :Le saponification 
Ti^L* :c "Lir zl.:.'-^*. 7i..f- - a sirrz^e kr.:»n 40 consist- of rape 
: _ Li i zi^i-t- . :±~z l siToriisaSLrc vali*, >?t cent., of 8*2, the 
jtr:----Lpf :: n:r :_ - :_* — :xrzr» n.^ be -early Si x 100-r 17 3 
= i" i. iii ilr :-r>:-^i^e :: =±L=ral c-il I-Iv - 47 4 = 526. 

~:_t- :ir z :-^r, m£ il'^rfrre ihe saporiEcarion value, of the 
fin- ::i_?T.rz--~ ".* "rkr.r-Hrr, :i* p^ssr-I* err^r of ihe method becomes 
znmz. zzi •-r.j:-rr- Li? shewz. rv the analvsis of several mixed 
I-:rI:-j.rlzr ::1*. il"-*: li-? res^l^ obiained are sufficiently correct for 
c:nn*r:iil i-7p-:^=s when rapiiiiv is of supreme importance. He 
»i:r^ -j'05 rer eeni- as :be mean saponification value of the fatty 
orisiir:*:! azi. w^rlierlr.^: :he extent to which blown rape oil is 
c«-i :r. :he i-r^paration of commercial lubricating oila, this figure 
w-y-Ii be likely zo give gx>d resulis in perhaps the majority of cases. 
Very nearly :he same result would be obtained by taking the whole 
number 20. Then, the saponification value, per cent., of the mixture x 5 
is the approximate percentage of saponifiable oil, and the percentage 
of mineral oil is obtained by subtracting this number from 100. 

•Chmm. Org. Anal., vol. it pt. i. p. 53. t Chem. New, lxr. (1892), p. 27. 
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After determining the saponification value, Gripper again raises the 
alcoholic liquid to the boiling-point and Ppurs it on to a filter paper which 
has been saturated with boiling water. The alcoholic solution of soap, etc., 
quickly runs through, leaving the greater part of the hydrocarbon oil on the 
filter. After washing once with boiling water, the* specific gravity of this 
oil is determined by the alcohol method (p. 170). 



£.— ESTIMATION OF TOTAL UNSAPONIFIABLE 
MATTER. 

If the solution obtained by saponifying a mixed fatty and mineral 
oil with potash or soda be shaken with an immiscible solvent, such 
as ether or petroleum ether, or if the dried soap be extracted with 
petroleum ether or chloroform, all the unsaponifiable hydrocarbon oil 
is dissolved out, and may be obtained in a separate state by evapora- 
tion of the solvent, and the amount estimated by weighing. 

Commercial fixed oils and fats, quite free from added hydrocarbons, 
contain small quantities of unsaponifiable substances which, under 
similar circumstances, are extracted by the solvent ; but in most cases 
the natural unsaponifiable matters (chiefly phytosterol, cholesterol, 
etc.) do not amount to more than from 1 to 1*5 per cent. The waxes, 
however, such as sperm oil, wool fat, beeswax, and carnauba wax, 
yield on saponification, instead of glycerol, monohydric alcohols which 
dissolve in the ether and may amount to from 35 to 55 per cent, of 
the wax saponified. Shark liver oil also frequently yields on saponi- 
fication considerable quantities of solid alcohols. 

In the analysis of lubricants, therefore, the determination of the 
unsaponifiable matter is not only a means of separating and estimating 
the proportion of hydrocarbon oil present, but it is also a means of 
identifying sperm oil and the waxes, ascertaining their purity, and 
estimating their proportion in mixtures. 

I. General method for the determination of unsaponifiable matter 
in an easily saponmable oil, fat, or fluid wax, such as rape 
oil, sperm oil, etc. 

The following reagents are required : — 

50 per cent. Caustic Soda Solution. — 250 grms. of pure caustic soda, from 
sodium, are dissolved in cold water in a deep porcelain basin, and the 
solution, when cold, is made up to 500 c.c. If not clear, it may be filtered 
through ordinary filter paper. The solution is preserved for use in a bottle 
closed by a rubber stopper. 2 c.c. contain, approximately, 1 grm. NaOH. 

Alcohol. — Methylated alcohol free from naphtha may be used, but pure 
rectified alcohol of 0*830 sp. gr. is preferable. 

Ether. — Redistilled methylated ether of sp. gr. 0*725. 

(a) The Process. — Pour about 10 c.c. of the oil into a very small lipped 
beaker and take the exact weight. Then take a deep porcelain basin, 
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'K, "i is- ..'....- i.:?;, *Ti '•j'l'.iis. ri*rvi r^u-'^w*. I- ::.;? cai* I'^ere i? 
y.>,: :i-.r. w.\ *-..>, .-':. *. . \. I. m. : ;Le rvrCieoy :? to &Id ni-:re ol.-.'-h-j]. 2 or 3 
«./.. a'. ;i t. :.,«:. ;».».■: *.* • .. j.tIv ; ; .ix isi.::I =^>ira::on inu.- two Uycrs oc^cun 
irjLlji-f at ',;,««■ ',; m. -.v.:,-j.ut r lor a few luinuies. 

WJji-n tin: li'ji.Mi- havi- jiroj*tly eej^aratcd (allow al-:»ut 10 minutes f^>r 
r/#iiii#li't«- Hfjffij^iTjoii to '»*:<:iir>, draw off tli«r layer of soap solution into 
iiii'itW M'.jtfiratoi.t Siiake this again with ether (using alxnit 70 cc this 

* M*'l<- \>y <m\Wuv all but abont 1} inches of the stem off a bulb funnel, and 
filing Lh#> *.n*l oMiqii<*|y. 

t i'w-lons r^rnovifi^ the stopfer, drop a little ether upon the outride of the separa- 
tor uri'l I »low iijk,ij it, ho aH to c<xA the glass by eva(po ration ; this will reduce the 
inntiutc o( tin* eth<-r va; our innMe, and will j re vent drops of liquid from being 
exprllrd when the fctopjxjr is removed. 
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jne/, run it off into a third separator, and shake a third time with ether. 

hereal layers in one separator, wash twice, each time 

mh 10 ct of a 1 per cent, caustic soda solution i ■• staining 10 per omt of 

Jcohol, then wash six times with poxe water, nm^g l'j cj& each tune* 

~ oroughly drain off the water, pour the ethereal solution (in two portions) 

nto a light, wide-m is, flask, previously weighed, and di-iil off 

he greater part of the ether from a hot water-bath. Then place the 

O ill*.- top of the wat- lid let it stand there until the ether and 

have entirely evap o r a ted. The i 6E may be 

v surrounding the llask with a om which the bottom haa 

ved, and by is aiming the Uqttid round ; 

Then let the II nd weigh it Replace it 00 the oven for lu 

* 20 minntee, cool, end re-weigh, Repeat this until practically 
mil the tare of the emjrtj fl i ragnt of unaepooiflable 

r in the 5 grammes of oil taken is obtained, 
If ti out, the whole -'juration, from writhing 

out the oil to the final weighing of the onaaponifiable matter, can be completed 
within 3 hours. Ordinary ether is, in the writer's experien d)c to 

oleum et)i. is recommended by some chemists for extr 

the unsnponi liable matter; it boOflftt a lower an i lot temper 

evaporates more readily, and leaves no residue ; whereas petroleum ether, 
depended upon to evaporate without residue, and 
w Lewkowiteeh pointe nut/ always be re-fraetionated, involving 
ble trouble. When ordinary ether is used, it may be completely 

*vapora.ted at nicha low # tempexatitfe thai lighi mineral oil, which is some* 

for adulterating raj** and other oils, can be detected and estimated 
about appreciable loss. Lewkowitsch stalest that ordinary ether extracts 

cities of soap than petroleum ether j but, for ordinary puip 
he amount o] when the process is conducted as 

Me.t In cases where great accuracy is required, traces 
of soap and npomnable matter contained m the product of the ft] 

«v be removed by boding it with alcoholic soda and rc-extracting with 

ucation in presence of much Mitieral Oil. — When much mineral 
u is not a satisfactory method, bee 
he oil rl<«<s not entii drops of, chiefly mineral, oil 

1 in the liquid, and a more vigorous and longer boiling is 
Mi- in ordei to mplete saponification, In such caeee, 

Setter to weigh the oil into a flask and boil it with the alcoholic aoda 
adenser for an hour or more. Then pOQZ the 
k into a basin, boil down gently td 10*16 ' c, and pioai 

ve, rinsing the flask as well as the basin into the separator 
, fiflt i little hot water, and then with ether Erom the wash J*ottle. 
(e) MmlificaHan in presence of Wool Fat,— Wool fat and lulun 

must be heated with alcoholic soda solution of double normal 
in a closed bottle under pressure for about two hours to insure 

♦ Analysis of Oils, etc., p, 219. 
f Ibid., n. 218. 

e subsequent paper (Jour, Soc. Chem. Ind, xv. (1890), p. 13) Lewkowitsch 

that it is safest to employ ordinaiy ether for extraction, hut he advises 

ricineroting the unsaponifiable matter and nalflttlattng the soap present, if tvuy, 

oilinity ol the resiflue. He describes mi expel uncut in which a&i 
o( *linrk liver oil gave In per cent, of unsaponitiable matte?, consisting ot wax 
h ohola from Bftertnsoeli, when ordinary ether was employed, whereas petroleum 
tnei only extracted lrom 1 '38 to 3*73 per cent. 
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complete saponification.* An ordinary 4-os. reagent bottle of bU|f ^ ic ^ 
glass answers very well for this purpose, and after the oil or fatjnd the 
alkaline solution have been introduced t an indiarubber stopper t n inserted 
and tied firmly down with string, leaving a loop at the top. This loop is 
suspended from a glass rod or stout brass wire fixed horizontally in a 
clamp over a can of warm water, so that the bottle is immersed up to the 
neck in the water, which is then raised to boiling-point and kept gently 
boiling, being replaced from time to time as it evaporates. If the bottle will 
not sink sufficiently, a stripof lead may be wrapped round it and fastened 
by an indiarubber band. The bottle is removed from the water occasionally 
and the contents well mixed by circular agitation, taking care not to splash 
any liquid on to the rubber stopper. When saponification is complete the 
bottle is allowed to cool, the stopper is then taken out, the liquid is poured 
into a basin and proceeded with as directed above. 

The formation of a layer of white insoluble flocks between the aqueous and 
ethereal liquids is characteristic of wool fat, and often indicates its presence. 
Lewkowitsch has shewn that these flocks consist of an insoluble soap formed 
from fatty acids of high molecular weight ; they do not belong, therefore, to 
the unsa]>onifiable matter, and should be separated from the washed ethereal 
liquid by filtration through a small dry filter paper. The same device is 
often useful for removing drops of water which might otherwise find their 
wav into the distilling flask. 

(d) Modification in presence of Beeswax. — Owing to the sparing solubility 
of myricyl alcohol in most cold solvents, the above method cannot be applied 
to the analysis of beeswax, carnauba wax, and substances containing large 
quantities of myricyl alcohol.§ When beeswax and carnauba wax are boiled 
with alcoholic soda solution under a reflux condenser, saponification readily 
takes place, and a clear or almost clear solution is obtained in a short time, 
but immediately the liquid begins to cool not only the wax-alcohol but the 
soap (sodium ce rotate) solidities on the sides of the flask, and before the 
contents have become nearly cold they form an almost solid mass. The l>est 
way to proceed in such cases (which are unlikely to occur in connection with 
the analysis of lubricants) is to extract the dry soap with chloroform as recom- 
mended by Horn || and Grittner.1T Five grammes of the sample are boiled, 
until thoroughly saponified, with 4 c.c. of 50 per cent, caustic soda solution 
and 100 c.c of alcohol in a flask connected to a reflux condenser. The boil- 
ing-hot solution is poured into a basin, the flask well rinsed out with small 
quantities of boiling-hot alcohol, and the liquid evaporated to a small bulk 
over a steam-bath, with stirring. Some coarsely powdered pumice stone** is 
then added, and the contents of the basin are evaporated to dryness with 
continual stirring, so as to reduce the residue to small grains, and well dried 
in the steam oven. Any soap adhering to the basin is scraped off with a 
spatula, and the entire residue is transferred to a Soxhlet apparatus and 
extracted with chloroform, which is subsequently evaporated ana the residue 
weighed. The basin is rinsed into the apparatus witti hot chloroform before 

* Lewkowitsch, Jour. Soc. Chem. Ind. t xi. (1892), p. 137; Herbig, ibid., xiii. 
(1894), p. 1068. 

f For 5 grins, of fat use 4 c.c. of 50 per cent, caustic soda solution dilated 
to 25 c.c. with absolute alcohol. 

X This must be pure rubber, free from substitutes. 

§ Allen, Comm. Ory, Anal. % vol. ii. pt. i. p. 49. 

II Jour. &>c. Chenu Ind., vil (1888), p. 696. 

IT Ibid., ix. (1890), p. 772. 

** The fragments of pumice should pass through a sieve having 11 meshes to 
the linear inch, and should contain no powder which will pass a 24 mesh sieve. 
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the extraction is commenced. Two hours' extraction, if the apparatus u 
mg wt'll, will dissolve all the sJcohole from 5 grammes ol saponified 
" eeewax ; only traces are extracted in the second be 

r pumice must be added to enable a granular non-pasty residue to 
be obtained. Sand, which is sometimes recommended, u less suitable than 
coarse pumice and must, according to Grittoer, be po 

Lh hydrochloric add, in order 60 prevent r 
are soluble in chloroform. Chloro for m is used in 
pence to petroleum ether, as it does not dissolve the soda soap, tt 1 , 

bat the anapocifiahlfl mailer is free from 

soap i j kb, U reo aumended by Lewki twitach. 1 1 

is also desirable before evaporatmc the soap solution to add si dram 

bicarbonate to convert the excel ic soda into carl Enmea 

aOH). If petroleum ether he u>ed til ututl. 

1 1. Estimation of Small Quantities of Saponifiable Matter in 
Mineral Oils. 

In the analysis of mineral oils containing small quantities of fat or resin, 
it is 1 to determine tl 

innate the hydrocarlpm oil by difference. The per- 
cental lined, divided by 0*85, will give appi [j the 
percentage of fatty 01 1. 



F.— COMPOSITION AND IDENTIFICATION OP 
UN SAPONIFIABLE MATTERS. 









& unsaponifiable matter obtained in the analysis of lubricants 
may be expected to contain — 
Hydrocarbons; including 

Mineral oil from petroleum or shale. 

Eosin oil. 

(Neutral tar oil from coal tar). 

Hydrocarbons from distilled wool grease. 

Paraffin wax or cerasin. } 

Vaseline. 
Wax Alcohols, from sperm oi!, wool fat, etc. 
Cholesterol and isocholesteiol, from wool fat, liver 

oils, etc. 
Phytosterol, from vegetable oils. 

it or oil, 

Hydrocarbons, whether liquid or solid, may be identified by 
their sparing solubility in alcohol If a small drop of the unsaponi- 
fiable matter on the end of a thin glass or platinum rod, or in a 
platinum wire loop, be immersed in a little cold rectified alcohol in 
a test tube which is held up between the eye and a window, pure 
hydrocarbon oil will shew no sign of solution, and the drop will 
probably appear fluorescent at the edges; but if wax alcohols from 
sperm oil be present they will quickly dissolve and cause visible 



I Liquid at 
ordinary 
I temperature. 



Solid or 
semi -solid 

at the 

ordinary 

temperature- 
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stream lines in the liquid. If the unsaponifiable matter be solid the 
solvent alcohol may be gently wanned, sufficiently to melt it. 

(a) Fluorescence is a very characteristic property of hydrocarbon 
oils, though all do not shew it. Distinct fluorescence of the nn- 
saponifiable matter or of its ethereal solution proves the presence of 
hydrocarbons ; but a non-fluorescent appearance does not prove their 
absence. If the fluorescence be not readily observed, Allen recom- 
mends laying a glass rod, previously dipped in the oil, on a table in 
front of a window, so that the oily end of the rod projects over the 
edge of the table away from the window and can be seen against the 
dark background of the floor. Another plan is to make a broad 
streak of the oil on a piece of black marble, or on a sheet of glass 
lying on black paper or cloth. The fluorescence of hydrocarbon oil 
is, as a rule, greatly intensified by solution in ether, which frequently 
leads to its detection while the nnsaponifiable matter is being 
extracted. Mineral oils which have been * debloomed ' by chemical 
treatment (see p. 94) regain their fluorescence by treatment with an 
equal measure of strong sulphuric acid (Allen). 

(b) Hydrocarbon oils are unacted upon when submitted to the 
acetylation test (p. 231). If the unsaponifiable matter after treatment 
with acetic anhydride has no saponification value, hydrocarbons alone 
are present. 

(c) If the unsaponifiable matter consist entirely of hydrocarbons, 
the specific gravity should be determined by the alcohol method 
(p. 170). Mineral lubricating oils (including also vaseline and 
paraffin wax) vary in specific gravity from about 0*850 to about 0*920 
at 60° F. • rosin oil is heavier, ranging from about 0*96 to 0*99 ; tar 
oils exceed 1*0 in specific gravity and will therefore sink in water. 
For the examination of mixtures see section S. (p. 284). 

(d) Vaseline at the ordinary temperature is semi-solid, soft, and 
amorphous ; paraffin wax is more or less hard and crystalline. Allen 
has shewn that although in the solid state these substances are 
nearly of the same specific gravity, their densities in the liquid state 
at the temperature of boiling water are widely different ; his results 
are summarized in the following table : — 





Siieciflc Gravity. 


Description. 


Solid, at 1^ C. 1 Melted, at J^", C. 
156 | 15-5* 


Vaseline (9 samples), 
Paraffin wax (7 samples), 


0*856-0-909 
0*8G7-O*911 


0*804-0*855 
0*748-0*757 



Allen's results at 99° were obtained with the Westphal balance, 
and as no correction was made for the expansion of the plummet, 
they are about 0*002 too high (Alder WrigJU). 
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(e) Mineral oils absorb variable amounts of wdine, according to the 

proportion of unsaturated hydrocarbons contained in them. Paraffin 

wax and cerasin absorb leas than 5 per cent of iodine, vaseline 

m rather more, and the fluid oils absorb up to 23 per cent, (see 

Table LXIX., p. 246). Rosin oils absorb from 43 to 48 per cent, 

II. The Wax Alcohols which most frequently occur in lubricants 
are those derived from *perm or bottlenose oil. Their nature is at 
present unknown. When obtained from pure sperm or bottlenose 
oil, they are crystalline and almost colourless, having only a very pale 
greenish yellow tint. Their consistence at tho ordinary temperature 
is that of solid t soft fat, and they melt at 23-5° to 27 5* C They 
dissolve easily in warm rectified alcohol, and the solution remains 
clear on cooling ; if, therefore, the *unsaponifiabIe matter 1 from 5 
gnus, of oil is completely soluble in about 2 c.c, of cold recti lied 
spirit it cannot contain an appreciable quantity of hydrocarbons, and 
probably consists entirely of the mixed alcohols from sperm or b 
nose oiL These alcohols may be further iden tided by their iodine 

value, 60-70 per cent, j hj their specific gravity at j^ C, about 

7 ; and by the acetylation test described on p. SSI. When 

:ed with twice their volume of acetic anhydride, they dissolve 

ly when gently warmed, and the solution remains clear on cool- 

; the mixed acetates have a saponification value of 18'55 per cent., 

linp to one experiment. 

III. The Mixed Alcohols from Wool Fat are pale yellow, have 
the characteristic odour of wool fat and the consistence of wax. 
Melting point, 44*-48* C. Iodine value, about 35-40 per cent. 

Specific gravity at y^Ty, C, about 0'957. They dissolve readily in 

warm rectified alcohol ; but on cooling even a dilute solution, partial 
precipitation occurs. By fractional crystallization from a hot, strong 
solution in alcohol or ether* alcohol, crystals of cholesterol are obtained, 
which may be identified by their melting-point, crystalline form, ami 
olour reactions (see p. 281), The mixed acetates formed by boiling 
the alcohols with acetic anhydride require from I6 a 3 to 16*1 per cent. 
of potash for saponification. These properties easily distinguish the 
wool fat alcohols (when pure) from those of sperm and bottlenose oils. 

IV. Beeswax and Camauba Wax are unlikely to occur in the 
analysis of lubricants, though the latter is said to be used in the 
manufacture of a particular description of pal in soap used for making 
railway wagon grease. The presence of either wax could scarcely fail 
to be indicated by the insoluble character and comparatively high 

Ling-point of the myricyl alcohol formed by saponification. This 
alcohol, mixed in the case of beeswax with some hydrocarbons, is the 

E*titucnt of the ' unsapoirinable matter ' of both waxes; it ii 
pale yellow in colour, very hard and brittle, soluble with 
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difficult? in even boiling alcohol and almost entirely crystallizes out 
on cooling. Melting-point of the products from beeswax, 76* (owing 
to the hydrocarbons present), and from caraauba wax, 85". Saponi- 
fication value of the mixed acetates from beeswax, 10 per cent, tod 
from carnauba wax, 12 per cent. 

V. Cholesterol and isocholesterol form a large proportion of 
the unsaponifiable matter of wool fat. Cholesterol also occurs in 
smaller quantity in liver oils (shark liver oil, cod liver oil, etc) and is 
characteristic of animal oils generally. On the other hand, a very 
similar substance, pbytocteral, the 'cholesterol of plants,' is found 
in the unsaponifiable matter of rape oil and of most if not all other 
vegetable seed oils, and olive oiL All three substances are monatomic 
ajc\-»h:>i? of the aromatic series, generally regarded as isomeric, and 
Lkvinz the formula C^H^O. They are colourless and tasteless 
crystalline bodies, of hiirh melting-point, insoluble in water, sparingly 
*kV:=hie in ooid alcohol, but easily soluble in hot alcohol, ether, and 
ehjarof orm. They may be distinguished, when in a pure state, by 
truer mf-nr^points and crystalline forms, which are given in the 
i:u:>w^u: tari* : — 

Table LIX. 



CfeoferteKd. 



llftfhTTiffiUlUlil 



: : .c .Ti. ..-.air.: 



l4*-li> 



137-138 



^■-.- V 






* ai- 






Flocks from 
dilute alcohol : a 
jrlly froiu con- 
cvatrated alco- 
holic solution : 
s«* ; .les from 

ctiitT. 



PhytotteruL 



135*5-141 
(Bomer.) 



Tufts of noedk-5. 
CagH^O.aq.frum 
hot alcohol; an- 
hydrous needle* 
from ether and 
chloroform, I 






.L . . * io > . u: : t. * : :: o . r^erc*! ar. d phv tosterol when presen t 
.-AV..V3 >r S4y*r*;*i Vt crystallization, t The melting-point 
a. :■? *.- ^r.frkl arr:ox:ma:« to that calculated from the 
v ■■»* ,»: ;* .v^-.vre-ts. The mixture crystallizes in one 
■*. :>■* -v.^tjl* ^::>.er *77!\>x:ma:ir.c in form to phytosterol 

,*r. : ;:■.*. ftwo?.-*. >f yrs^c: :z the greater proportion, differing 

i*.v. .:■• ,r;.*jjL^ «>.? u-^s*iv=.:hible matter from 50 gnus, of 
■i .v *X'i f\i *■.:>. a #tza1I quAr.*;:y of alcohol and the solution 
:o^ Vw.* ::>*uil* £?-.\>K?*d on cooling must then be purified 






w *. <^ . - a t? aai *.?i"; .Vv-. 5*. C\*m. /**.. xrii. (1S93\ 
s \oi^*^ Itftfewtac^, »"/».-. ^c An. /*i, xriii. v lSW),p. 557. 
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by repeated re-crystallization, and examined under the microscope. 
They should be compared with the crystals obtained in the same 
way from pure samples of, say, rape oil (phytosterol), cod liver oil 
(cholesterol), and wool fat (cholesterol and isocholesterol). (Compare 
Salkowski, Jour. Cfiem. Soc, 1888, Abs. 201.) 

Cholesterol gives several characteristic colour reactions (see p. 281) 
which distinguish it from isocholesterol, but not from phytosterol 
which gives the same reactions. 

VI. Unsaponified oil or fat will not occur in more than traces 
if the saponification has been properly carried out, and Soap should 
not occur at all. If there he any reason to suspect the presence of 
either, the ether residue must be purified by boiling it with alcoholic 
soda (say 2 c.c. 50 per cent. NaOH solution and 25 c.c. alcohol) 
under a reflux condenser for half-an-hour and re-extracting with 
ether after evaporating off alcohol and diluting with water. If wool 
fat be suspected, the re-saponification must he conducted under 
pressure with alcoholic soda of double normal strength. 



Table LX.— Percentage 


op Unsaponipiable Matter 


OBTAINED 


from Fixed Oils, Fats, and Waxes. 


Nam* of Oil, etc. 


Unsapohifiablb Matter, per gent. 


Olive oil, .... 


075- 1*50 




Arachis oil, 






0-54- 0-94 




Castor oil, . 






0-30- 0-37 




Palm oil, . 






1-25 




Rape oil, . 






0*58- 1*30 




Ravison oil, 






1-45- 166 




Cottonseed oil, . 






1-07- T85 




Maize oil, . 






1-35- 155 


„ Under 
2 per cent. 


Linseed oil, 






0*60- 1-28 


Hempseed oil, . 






1-00 




Poppyseed oil, . 
Tallow, . 






1*15 
0-50 




Lard, 






0*23- 0-30 




Seal oil, . 






0*38- 0-51 




Menhaden oil, . 






1-60 




Sardine oil, 






0*56- 144 J 




Whale oil, . 






0-65- 3-7 -» 


Cod liver oil, 






0-46- 2*68 




Shark liver oil, . 






0-9S- 5-27 (Fahrion) 
070-17-3 (AUm) 




Sperm oil, . 
Arctic sperm oil, 

Crude wool fat, . 




:} 
•{ 


363 -41-5 

Very variable ; 35 to 40 % 
is usual. 


Over 
* 2 per cent. 


Beeswax, . 






52*3 -553 




Carnauba wax, . 






524 -55 




Spermaceti, 






51-5 
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Table LXI.— Properties of the Mixed Alcohols, etc. ( c TJsrsAPOin- 
fiable Matter') obtained from Waxes. 





PBoranxs or Moid alcohols, ho. 


1 

Saponifica- 


1 
Xavs or Wax. rc. 


Melting 
Point, r C- 


Specific 

Gravity at 

10tr p 


Iodine 
Value. 


Increase of 

Weight on 

Acetylating, 

percent. 


tion Value < 
of the Mixed 
Acetate*, j 
per cent 


Sperm oil. . ) 
Arctic sperm oil, . ) 
Wool fat, . 
Beeswax, . 
Carnauba wax. . 


23-5*-27-5' 

44'-48" 

75*-7«" 

85* 


0*8271 

0*9606 
0*8289 
0-4826 


69-5-69-8 
39*4 


16-7 

12-2-12-7 
, 6-6- 7 7 
10*2 


18-56 

15-8-161 
9-9-10-3 
12-S 


Cholesterols (f AmryX 

(experitmentai result* by L*wkovit»ch\ 


68-8 
67-7 


11-8 


13-55 
13-5 



A'ote.— Many of the results in this table were obtained by Archbutt with single sample* 
of the waxes in question, and therefore require confirmation. 



G.— ESTIMATION AND IDENTIFICATION OP THE 
SAP0NIFIABLE OIL IN MIXED OILS. 



In the analysis of lubricating oils consisting of a mixture of 
mineral oil and fixed oil, it is usually sufficient to estimate the 
saponifiable oil by difference. But it is often necessary to liberate 
the fatty acids from the soap solution, in order to identify the fixed 
oil, and this may easily be done quantitatively, giving a number from 
which the percentage of fixed oil can be calculated. The details of 
manipulation are a continuation of the process for estimating the 
total unsaponitiable matter. (E. p. 215.) 

The soap solution, which has been freed from mineral oil and other 
unsaponitiable matter by shaking three successive times with ether, is mixed 
with the first two aqueous washings of the mixed ethereal liquids and 
treated with a sufficient excess of dilute sulphuric acid to decompose the 
soap and liberate the fatty acids. The acid liquid is mixed with 50-70 c.c. 
of ether, well shaken in the separator, and, after allowing sufficient time for 
the ether to rise, the aqueous portion is drawn off into another separator 
where it is again shaken with ether. The ethereal liquids are mixed 
together in one separator, thoroughly washed by sliaking six times with 10 
c.c. of pure water each time, then poured into a tared flask, and the bulk 
of the ether is distilled off. The flask is then placed on the top of the 
water oven and heated until all water and ether have evaporated and the 
weight remains practically constant. 
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In the absence from the original sample of the following : — 

Sperm and bottlenose oils, 

Porpoise and dolphin jaw oils, 

Shark liver oil, 

Palm nut and coconut oils, 

Wool/at, 

Blown oils, 

Soap, 

Resin, 

Free fatty acids, 

the percentage of fatty acids obtained, -5- 0*957, will give approxi- 
mately the percentage of fatty oil in the sample. Fatty acids exist- 
ing in the original sample, either in the free state or as soap, must 
previously be separated as described in the analysis of greases (p. 317). 
Resin acids, if present, must be determined by TwitchelTs process 
(p. 228) and the amount deducted. 

If the saponifiable oil consist entirely of blown rape or cottonseed 
oil the divisor becomes approximately 0*85 instead of 957, but 
special washing with hot water is required to remove the soluble 
fatty acids (see p. 226). In the presence of sperm oil and wool fat 
the problem becomes inore complicated. The unsaponifiable matter 
in that case contains wax alcohols, and must be analysed by the 
acetylation process (p. 233). 

As there is no known means of separating, without decomposition, 
a fixed oil or fat from a heavy mineral oil, the identification of the 
fatty oil in such mixtures depends upon the identification of the 
mixed fatty acids. For this purpose, the following determinations are 
available : — 

1. The melting-point (table on p. 197). 

2. The sp.gr. at *—, C. (table on p. 177). 

3. The iodine value (table on p. 245). 

4. The saponification or neutralization value. 

The fatty acids used for the determination of the iodine value must not 
have become oxidized, otherwise a low result will be obtained. After dis- 
tilling off the ether the flask should, therefore, be closed by means of a cork 
carrying two tubes, in order that a current of dry carbon dioxide gas may be 
passed through the flask while heating on the steam-bath. 

The saponification or neutralization value is best determined in the same 
manner as the saponification value of an oil or fat (p. 211), viz.: — by heat- 
ing 2*5 grms. with approximately semi-normal alcotiolic potash in excess, 
and titrating back with accurate semi-normal hydrochloric acid. Theo- 
retically, it should be sufficient to dissolve the fatty acids in alcohol and 
neutralize with standard potash solution in the cold, but if any undecomposed 
ethers are present, a low result is obtained unless the potash be in excess 
and the liquid heated. 
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In the absence of soluble fatty acids, the neutralization value of the 
mixed fatty acids multiplied by the Hehner value of the oil will give 
the saponification value of the oil, i.e., the neutralization value x 0*957 
will give, approximately, the saponification value of the oil or fat 
from which the fatty acids have been derived. 



H.— INSOLUBLE FATTY ACIDS (HEHNBE VALUE). 

The process for determining the total fatty acids described in the 
preceding section (p. 224) is based upon the assumption that they 
are entirely, or almost entirely, insoluble in water and non-volatile, 
and such is, as a rule, the case. A few oils and fats, however, contain 
a considerable proportion of soluble and volatile fatty acids, notably 
cow's butter, dolphin jaw oil, and porpoise jaw oil In such cases, the 
insoluble acids must be determined by a special process. Hehner was 
the first to shew that the percentage of insoluble fatty acids contained 
in genuine butter fat is fairly constant, and that by its determination 
the adulteration of butter with foreign fats can be detected ; the per- 
centage of insoluble fatty acids contained in an oil or fat is therefore 
known as the c Hehner Value.' 

It has been shewn by Fox and Baynes* and by Thomson and 
Ballantynet that the changes caused by 'blowing' oils include a 
partial conversion of the insoluble acids into soluble and volatile 
acids ; the presence, therefore, of ' blown ' oil in castor oil would be 
indicated by a reduction of the percentage of insoluble fatty acids, of 
which genuine castor oil contains upwards of 95 per cent. 

To determine the Hehner Value of a fixed oil or fat, the fatty acids must 
he washed with boiling water until the washings are no longer aci<l. 
The following is a convenient method of operating : — Saponify 5 grms, of 
the oil with alcoholic soda, as directed in E. I. (p. 215), and after saponifica- 
tion is complete, evaporate to dryness over a steam-bath, and heat to 
remove alcohol. Dissolve the soap in hot water, and rinse the solution into 
a beaker-flask, the total volume being about 250 c.c. Liberate the fatty 
acids with dilute sulphuric acid, allow to stand on the steam-bath until the 
fatty acids have melted to a clear layer upon the surface of the liquid, then 
pour the whole carefully into a separating funnel previously rinsed with 
not water. Support the separator over a wet filter paper contained in a 
jacketed hot water funnel, and allow the clear liquid to run into the filter 
at a sufficient speed to keep it nearly full. The filtrate should be bright. 
Do not allow the oily layer to pass on to the filter, but return it to the 
original beaker-flask, and having added about 150-200 c.c. of boiling 
water, thoroughly churn the fatty acids and water together by circular 
agitation. Allow to stand again until the acids have risen, carefully 
decant into the separator, and run the aqueous portion through the wet 
filter as before. Kepeat this washing five times more, but collect the last 
washing in a separate vessel, add a tew drous of phenolphthaleiu solution, 
and tincl how much decinormal soda is required to produce a pink colour. 
Make a similar experiment with the same quantity of the hot distilled 

# Analyst, xii. (1887), p. 33. f Jour. Soc. Chem. Ind., xi. (1892), p. 506. 
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rater used in washing the fatty at vh. If praoti tally the same numl> 

oth experuoentB (disregard a dill one or two 

drops) the washing is complete. When this u the case, allow the insoluble 

layer to pass on to the filter paper, and let the water drain a . 
well drain, also through the filter, I ttor and -. 

Eta the paper i Loroughly wet the fatty adds will not rim 

■]«er. Transfer the wet niter piper containing the fatty an. 3- 
to a dry funnel supported over a small weighed beaker, and place it in the 
water-oven until tin- filter his dried and the greater part <>f the fatty 
Iranu^l through into the Uaker. Then nlaee the funnel coi a .in 
iper am b weighed Qaak, ana, when cold* i' 
with ether, allowing to ran Into the 

funnel and the bcakcr-Hask* with ethei liquid 

_:h the same filter jiajHT. Then distil off the ether, and beat both the 
mall beaker until constant in weight. Deduct the wen 
the two vessels, and the difference i the insoluble fat! 

In the presence of kffdi »p solntimi obtained hy 

saponification must fi with eth i:*ed in E. I. (p, 215), 

o a basin, gently bee on- hath, with a cover on 

expel the di ther, thoroughly boiled to evaporate the 

Jcohol, and thi i above. 

live Preparation of Insoluble Fatty and Resin Acids.— If it he 

merely to prepare the insoluble fatty and resin adds, without 

making a quantitative estimation, the following method may U j employed : — 

i, by thorough boiling with alcoholic soda, a roughly 

Lhe oil, sufficient to give rather more than lh 

I iry oi fett] of every 5 gmts, of oil -2 grma, of a 

(4 c.c. of a 50 }>■ l 1 1 ■ mi>. Dissolve r h.- soap in boiling water, and bnil 

ontilaloohol is expelled. Add sufficient dilute sulphuric acid to liberat 
fatty acids, gently Injil until rh> iyer on the PUrfa liquid, 

large pip a flexible mouthpiece, draw on the 

in the basin several limes with 
iugolf the water with the pip time, then pour them < 

ined, if neo , if the fatty acids have a high melting* 

poim water fuiu i thwitb boiling water until the washings 

are ] neutral to litmus or phenol phtiialein. Pierce the tilter, 

i- ids iu a dry beaker, and heat in the water-oven until uuite 

clear and free I Se water. 

Table LXIL (p. 228) contains the Hehner values of most oils 
> fata which are Ukely to occur in lubricants. 



I. —ESTIMATION OF ROSIN (COLOPHONY). 

The fatty acids obtained by either of the processes described 
in sections G and H include the resin acids, if rosin be present, 
nation of the rosin be desired, Twitchell's process f i 
to adopt. It depends upon the fact that when a solution of 
fatty acids in absolute alcohol is saturated with hydrochloric aei d 

* These mny bo previously dried by placing them oa the water-oven, or they 

t Ju*T> Hoc. ChcuL liui. t x. (Ksyl), p« 804* 
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Table LXII.— Hehneb Values. 



Name or Oil oe Fat. 


Hxhkie Value. 

Percentage of Intoluble 

Fatty Acids. 


Most vegetable and terrestrial animal oils 
and fats, except wool fat, .... 

Palm nut oil, 

Coconut oil, 

Marine animal oile, except sperm and shark 
liver, but including porpoise body and 
dolphin body oils, 

Porpoise jaw oil, 

Dolphin jaw oil, 


1 96-97 
f Average about 95*7 
911 
83-&-90-5 

1 92-&-95-S 
| Average about 94*1 

684 and 721 
66*3 


Blown rape oil, 

„ cottonseed oil, 

„ linseed oil, 

„ seal oil, , 


84-7) 
865 }* 
86-7) 
73-4 



the ethyl esters of fatty acids are formed. Resin acids similarly 
treated in the cold are practically unacted upon, and can be separated 
from the esters by treatment with weak caustic soda solution in the 
cold, which dissolves the resin acids, the esters remaining insoluble. 
The details of the process are as follow : — 

From 2 to 3 grms. of the melted mixture of fatty and resin acids are 
poured into a dry tared conical flask of about 8 ozs. capacity, and, when 
cold, the weight is accurately ascertained. The acids are dissolved in 
absolute ethyl alcohol,t using 10 c.c. for every gramme of acids, and dry 
hydrochloric acid gas, in a moderate stream, is passed through the solution 
until saturated, the flask l>eiiig kept quite cold by immersion in a basin of 
cold water. J The hydrochloric acid gas may be prepared in a dry state by 
acting upon lumps of fused salt with concentratea sulphuric acid, and may 
then be passed direct into the liquid. The gas is rapidly absorbed, and the 
oters separate in oily drops. When the alcoholic liquid is saturated 
(from 30-45 minutes are required), the flask is allowed to stand alxmt half- 
au-liour longer to ensure complete etherification. It must not stand too long, 
otherwise low results are obtained. The liquid is then diluted with about five 
times its volume of boiling water, and heated on the steam-bath until some 
of the alcolml has evaporated and the esters, with the resin'acids in solution, 
form a clear layer upon the surface. The contents of the flask are poured 
into a separating funnel, and the flask as well as the gas delivery tube are 
rinsed with ether, which is poured into the separator. About 50 cc. more 
ether are added, the contents of the separator are cooled, well shaken, and 

* Fox and Baynes ; mean results. 

+ Methyl alcohol is said to give lower results than ethyl alcohol. 

t Evans and Black recommend the use of a tall cylinder surrounded by iced 
water. Temperature must not rise above 20° C, nor must the stream of hydro- 
chloric acid be too rapid, otherwise low results are obtained. Jour. Soc* Chem. 
Ind. t xiv. (1895), p. 689 ; also Analyst, xx. (1895), p. 60. 
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allowed to stand for the ether to rise. The acid liquid is drawn off into 
another separator and shaken again with a little ether, which is added to 
the first, and the ethereal solution is then washed once with about 10 c.c. of 
cold water, which is drawn off. It is then shaken in the funnel with 50 c.c. 
of dilute caustic soda solution containing 1*0 grm. of caustic soda and 10 c.c. 
of alcohol in 100 c.c, by which the resin acids are immediately saponified and 
dissolved. After drawing off the alkaline liquid into a second separator, the 
ethereal solution is again shaken with about 20 c.c. more of the weak soda 
solution, which is added to the first, and the whole is then decomposed with 
dilute sulphuric acid and shaken with ether to dissolve the liberated resin acids. 
The ethereal solution, after washing several times with small quantities of 
cold water, is run through a dry filter paper into a weighed flask, the ether 
is evaporated, and the residual resin acids are heated in the water-oven until 
constant in weight. They should be quite hard and brittle. The weight 
obtained, multiplied by 100 and dividea by the weight of mixed acids taken, 
gives the percentage of resin acids. 

Lewkowitsch,* who has extensively investigated this process, finds 
that the amount of resin acids generally falls short of the truth. 
Evans and Black, however, state that the percentage of resin acids is 
correctly estimated, and that the loss is due to unsaponifiable matter 
contained in rosin which is not dissolved by the caustic soda solution. 
Six samples of rosin were found by them to contain from 5*0 per cent, 
to 9 '71 per cent, of gummy matter unsaponifiable by alcoholic potash. 



J.— VOLATILE FATTY ACIDS (EEICHEET AND BEICHERT- 
MEISSL VALUES). 

The Eeichert Process. — As has already been stated, a few oils and 
fats yield a considerable proportion of fatty acids soluble in water, 
and when the liquid is distilled these fatty acids are usually found in 
the distillate. By distillation in a current of steam, complete 
separation of the volatile and non- volatile acids can be effected,! but 
the process is tedious. In Reichert's process only a portion of the 
volatile acids are distilled over, but by working under strictly defined 
conditions uniform results are obtained. 

In the process as originally described,! 2*5 grammes of the fat were 
saponified with an alcoholic solution of caustic soda, the alcohol was 
completely evaporated off, the soap dissolved in 50 c.c. of water, decomposed 
by adding 20 c.c. of dilute sulphuric acid and distilled until exactly 60 c.c. 
had come over. The distillate was then mixed with a few drops of litmus 
solution and titrated with decinormal alkali, the number of cubic centimetres 
required being recorded. Under these conditions, the distillate from cow's 
butter required not less than 13 c.c. of decinormal acjd for neutralization, 
while the fats used in the manufacture of artificial butter required less than 
05 c.c. 

* Jour, Soc Chem. Ind., xii. (1893), p. 503. 

t Goldman, Chem. Zeit., 1888, xii. p. 183 ; xiv. p. 216 ; xx. p. 317 ; Jour. 
Soe. Chem. Ind., vii. (1888), pp. 238 and 348. Beal, Jour. Amer. Chem. Hoc, 
xvi. (1894), p. 673 ; Jour. Soc. Cfan. Ind. t xiv. (1895), p. 197. 

X Zciti.f. Anal. Chem. t xviii. p. 68. 
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The Reichert-Meissl Process. — Reichert's process has undergone 
a variety of modifications in detail,* and as now carried out saponi- 
fication is generally effected with a mixture of caustic soda solution 
and glycerin (Leffmann and Beam), hy which the evaporation of 
alcohol is avoided; also 5 grammes of fat are used instead of 2*5 
grammes (MeM), hy which the volume of standard acid used in 
titrating is nearly, hut not quite, douhled. This process, which is 
chiefly used in the analysis of butter, is required in the analysis of 
such lubricants as porpoise oil; it may also find occasional applica- 
tion in the detection of blown oils. The following reagents are 
required : — 

1. Glycerol-Soda. — Made by mixing together 30 cc. of aqueous caustic soda 
solution, containing 50 grammes NaOH in 100 cc., and 170 cc. of pure con- 
centrated glycerin. This reagent is kept in a bottle closed with a rubber 
stopper. 

2. Dilute Sulphuric Acid. — 30 cc of pure concentrated sulphuric acid 
diluted with distilled water to 100 cc 

3. Decinonnal Sulphuric Acid, accurately standardized. 

4. Caustic Soda Solution of approximately decinornial strength. A 10 cc 
pipetteful of this solution must be tinted with phenolphtlialein and the 
strength determined by titration with the decinonnal sulphuric acid. 

5. Pkenolphthalein Solution. (See p. 207.) 

To determine the Reichert-Meissl value, a dry conical flask of 300 cc 
capacity is counterpoised on the balance. As nearly as possible 5 grammes of 
the oil or melted fat are dropped into the flask and the exact weight taken 
(in the case of a melted fat after Incoming quite cold). 20 cc. of the glycerol- 
soda are added, and the flask is heated over an Argand-Runsen flame turned 
rather low. The liquid will foam, and to control this and hasten the opera- 
tion the flask is frequently agitated. Heating and agitation are continued 
until practically all the water has been driven off, which will take about ten 
minutes ; saponification will then be complete, and the flask is withdrawn 
from the flame and the soap dissolved by adding 135 c.c. of cold water. 
The first portions of water should be added drop by drop, and the flask shaken 
Ivetween each addition to avoid violent foaming. When the soap is dissolved, 
6 c.c. of the dilute sulphuric acid are added, a few small fragments of pumice 
are dropped in, and the liquid is distilled until 110 c.c have l>een collected. 
The tul »e connecting the flask to the condenser should have a large bulb to 
arrest the splash ings and return them to the flask. The condensing tube 
should be of glass, and the rate of distillation such that the above amount of 
distillate is collected in about 30 minutes. 

The whole of the distillate, if clear, is mixed with about 0'5 c.c. of phenol- 
phtlialein solution, and as many 10 c.c. pipettefuls of the standard caustic soda 
solution are added as are required to produce a strong crimson coloration ; 
the liquid is then carefully titrated with decinornial sulphuric acid until the 
crimson colour is just discharged. 

The distillate, if not clear, is passed through a dry ribbed filter, and 100 c.c. 
of the clear filtrate are titrated ; in this case the volume of decinornial soda 
neutralized is increased by one-tenth. 

A blank distillation must be made to determine the amount of decinornial 
soda required by the materials employed ; with a good quality of glycerin 
this will not exceed 0*5 c.c 

* For a full account, see Richmond, Analyst, xvii. (1892), p. 171. 
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Example. 

5 grms. of blown Tape oil gave 110 c.c. of distillate, which was filtered. 
100 cc of the nitrate were mixed with 10 c.c. of standard caustic soda solu- 
tion, and 4*76 cc. of decinormal HjS0 4 were required for neutralization. 

10 cc of standard soda required, . . 9*78 cc. 5 HjS0 4 
Deduct, .... 4*76 cc 



5-02 



Difference = volume of decinormal alkali 1 
required for 100 cc of distillate, . . / 

+riA . -50 

.\ Volume required for 110 cc, . . 5*52 
Deduct for blank experiment, ... '40 

Beichert-Meissl value (volume of decinormal ) _.,« 
alkali required for 5 grammes of oil) 9 . J ^^ 

The Reichert process is used most extensively in the analysis of 
butter fat^ 5 grms. of which, when genuine, yield a distillate requiring 
from 24 to 34 c.c. of decinormal alkali Results obtained with other 
oils are given in Table LXIII. (p. 232). 

The numbers in the first column were obtained chiefly by Allen 
and Moore, those in the second column are by Thdrner, Holde, 
Archbutt, and others. It will be seen that the process is chiefly of 
value in the analysis of (besides butter fat) porpoise and dolphin oils 
and croton oil. It would not be of much service for the detection 
of blown oils, unless these were present in large quantity. 



K.— ACETYLATI0N TEST (THE ACETYL VALUE). 

The action of acetic anhydride (acetyl oxide) upon alcohols and 
hydroxylated fatty acids is applied in the analysis of lubricants both 
in the examination of unsaponifiable matter containing or suspected to 
contain wax alcohols and also in the analysis of castor oil. 

I. Acetylation of Alcohols. — When the alcohols are heated with 
acetic anhydride they are converted into acetates (esters), the hydrogen 
of their hydroxy 1 group or groups being replaced by acetyl, (J 2 H 3 0. 
Thus, in the case of cetyl alcohol (from spermaceti), the following 
reaction takes place : — 

C^Hg.OH + (CgHgOLO = C 16 H 38 O.C 2 H 8 + C 2 H 4 ? 
Cetyl alcohol Acetic anhydride Cetyl acetate Acetic acid 

Glycerol, C 8 H 6 (OH)g, is similarly converted into tri-acetin, 
C s H 6 (OC 2 H 8 0) 8 , but this reaction does not interest us here since 
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glycerol does not occur in the 'unsaponifiable matter. 9 Hydrocarbonsare 
unacted upon. In the case of the monohydric alcohols and cholesterol, 
the esters formed are crystalline bodies, insoluble in water, and can 
be washed free from acetic acid and weighed. The saponification 



Table LXI1X 





Bef chert Value 


Reichert-Meiisl Value 




Description of Oil. etc 


=cx. of KAO Alkali 


=cc of NA0 Alkali 






required for 2*5 grma. 


required for 5 gnn*. 




Olive oil, 




0-45-1-5 




Arachis (earthnut) oil, 


... 


04 




Castor oil, 


1-4 


2-2 -4*0 




Croton oil, 


... 


134 




Palm oil, 


0-5 - 0-8 


0*6 




Palm nut oil, .... 


2*4 


3*4 -5*0 




Coconut oil, .... 


3*5 - 37 


7*3 -7*5 




Raj>e oil, 


0-25- 0'4 


04 -0*9 




Cottonseed oil, .... 


0-3 


0*95 




Curcas oil, .... 


... 


0-28-0*48 




Sesame oil, .... 


0*35 (2*2) 


1-2 


Maize oil, 


0-33 


... 


Linseed oil, .... 


... 


09 


Poppy seed oil, .... 


... 


0-6 


Sunflower oil, .... 


... 


0-5 


Tallow, 


| 025 


10 -12 


Horse fat, 


03 - 0-4 


1-6 -21 


Lard, 


i ... 


11 i 


Sperm oil, 


' 13 - 14 




Porpoise hodv nil, 


1 11-12 (Alien) 


46-9 (Steinbud) 


Porpoise jaw oil (skimmed and 


! 




strained), 


J47-8 -56*0 (Moore) 


131-6 ( „ ) | 


Porpoise jaw oil (unstrained), 


21 




Dolphin 1km.1v oil, 


56 




Dolphin jaw oil (skimmed and 








strained), . 


65-9 






Whale oil, . 


i 0*7 -12*5 




Seal oil, 


0-07-0-22 


I 
1 


Menhaden oil, . 


1 1-2 


i 

I 


Cod liver oil, 


02 (1-1 -2-1) 


0*1 -04 


"Wool fat (crude), 




65 ' 


Blown East India rape oil, 




5*26 


j „ ravison oil, 




543 | 


„ cottonseed oil, . 


i z 


7-06 



values of those esters are characteristic, and afford a means of 
identifying the waxes, as well as a method of estimating the pro- 
portion of a single known wax, such as sperm oil or wool fat, in 
a mixture containing hydrocarbons. The process is carried out as 

follows : — 
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A f] not leas than 2-3 gnus, of the unsaponihahle matter Ls 

n hydride in a small flask under a reflux condenser tor 

half an hour, If the yield of acetates is to he determined, tin 

substance taken must be exactly known, and the Mask must alio be tarecL 

I cc, of acetic anhydride per gnu, of substance ia sutlieicnt., but if the 

» available weight of substance he small, 2 c.c. per grin, may be used, in order to 
i sufficient quantity of liquid to boil. It the iinsaponinable matter 
consist chiefly of alcohols; it will dissolve completely in (he hot liquid ; hut 
\i a considerable proportion of hydrocarbons are present, they will Iloat on 
the liquid, ami D ebullition tcwmiiuII 

fragments of ignited pumice Stone should be dropped into the I! 

The contents of the flask are next diluted with boiling water anil heated 
over oath, with frequent agitation, for s few mini der to 

convert the unchanged acetic anhydride into 1, which di 

i water, and to allow th< Ogether with hydrocarbons if present, to 

and float upon the surface as an oily layer. Thi 
red upon a wet filter, and if it be desired to ascertain the weight of the 
duct the flask is thoroughly rinsed filter with 

ities of boiling water, until free from acetic is then | 

in the rater-oven to dry. The oily liquid in (he filter j 

boiling water, until the washing J the 

is then placed in a dry funnel over the tlask in the water-oven until the 
acids have run through. The oil absorbed by the tiller papcj 
cooling) rinsed into the tla^k with ether (qr with boiling cfilo 
myricyl alcohol is present), the nolvent is evaporated off, and the 
weighed constant, llie saponification value is then determined in the usual 
way on a, Of the whole quantity may be used if not exceeding 2'5 

to 3 gnus, in w- 

Table UQV. (p. 234) contains the results obtained by treating in 
this way the unsaponi liable matter (mixed alcohols) from sperm oil, 
wool fat, beeswax, and carnauba wax; also the results theoretically 
yielded by some alcohols known to occur in fats and was 

The alcohols of sperm oil are unknown ; according to Lewkowitech 
they belong for the most part, if not wholly, to the ethylene & 
The alcohols of wool fat are also partly unknown, but chole i 

erol occur in them to a largo extent, and ceryl alcohol al 
present. Myricyl alcohol is the chief part of the a Sable 

matter from caruauba wax and beeswax ; in the latter hydrocarbons 
occur to the extent of 15-17 per cent, which accounts for the low 
saponification value of the acetylated product. Cctyl patmitate is 
the chief constituent of spermaceti, in which octadeeyl alcuhol also 
occurs. 

Analysis of Mixtures containing Sperm Oil or Wool Fat and 
Mineral Oil— (a) When a mixture containing sperm oil or wool fat and 
mineral oil is saponified, the unsaponihabJe matter extracted from the 
soap solution by ether contains the whole of the mineral oil together 
with the mixed alcohols of the wax, and in order to determine the 
ntage of mineral oil directly the alcohols must be separated. No 
satisfactory method of doing this has yet been proposed. Both 
ordinary alcohol and acetic anhydride, even in the joIyb not 

only the wax alcohols but also some of the mineral oil, and thei 
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the methods described by Horn* and Lobey de Bruynf are not 
trustworthy. 

(b) The percentage of sperm oil in a mixture containing nothing 
else except mineral oil could easily be calculated, with approximate 
accuracy, from the saponification value of the mixture ; but when a 
second, perhaps unknown, fatty oil is present this method is not 

Table LXTV.— Results of the Acetylation of Alcohols. 



AlcohoL 



Cetyl, . 
Octadecyl, 
Ceryl, . 
Myricyl, 
Cholesterol, 



Formula. 



C^HjjOH 

CaoH^OH 
C M H 4a 0H 



Formal* of Acetate. 



C 18 H w O.C 2 H,0 

c 9 B 1 fi.cjafi 

C^H^O.CjHjO 



Yield of 
Acetate per 
lOOptaof 

Alcohol 
(Theory). 



117-36 
11555 
110-61 
10959 
111-29 



Saponification 
Value of 
Acetate, 
percent 
(Theory). 



19*76 

17*99 
12-81 
11-69 
1356 



Unsaponiflable Matter (Mixed 
Alcohols, etc.), from 



Sperm oil, 
A\ ool fat (crude), . 
„ (neutral),} 

» » 8 

Beeswax, 

„ (another sample), 
Carnauba wax, 
Cholesterol (pure),|| 



Yield of 
Mixed Acetates 
per cent. 
(Expt). 



11571 

112*21 

1127 

108-3 (?) 

106*46 

107-62 

11017 



Saponification 
Value of 

Mixed Acetates 
percent 
(Expt). 



18*55 
16-06 
1563 
1532 
9-84 
1025 
1214 
1349 



available. Assuming that the third constituent of the mixture is not 
another wax such as wool fat, or a liver oil containing much cholesterol, 
the problem can be solved by determining the percentage of total 
unsaponitiable matter, acetylating it, and determining the saponifica- 
tion value of the acetylated product. Taking the numbers for sperm 
oil given in the table above, and 38 as the percentage of mixed 
alcohols formed by the saponification, the percentages of mineral oil 
and sperm oil in the mixture can be calculated as follows : — 

Let x = the percentage of total unsaponiflable matter yielded 
by the sample. 
„ y = the percentage of KOH required for the saponification 
of the acetylated product. 

* Jour. Soc. Chem. Ind., vii. (1888), p. 696. t Ibid., xiii. (1894), p. 426. 

X Lewkowitsch, Jour. Soc. Chcin. Ind., xi. (1892), p. 138. 

§ Ibid., xt. (1896), p. 14. || lbid. % xi. (1892), p. 143. 
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rpi xx y_x_100_ _ the percentage of mixed alcohols (a) yielded 

^ 18-55 x 1 15-71 " *>y the sample. 

a-— a = the percentage of mineral oil. 

*s the percentage of sperm oil. 
3o 

To test the method, two mixtures of sperm oil and '885* pale mineral 
oil were prepared and analysed with the following results : — 

1. Mixture containing 2 pts. sperm oil, and 1 pt. mineral oil 

Per cent. 
Weight taken ; 5 grms. 

Unsaponifiable matter obtained, 2*9706 grms. = 69*41 
Saponification value of the \ Q#f v- 0/ 
acetylated product, J * w /o ' 



59*41x9*05x100 
18*55x115*76 



= 25*04 



Mineral oil found, 34*37 
„ taken, 33*33 

2. Mixture containing 2 pts. mineral oil and 1 pt. sperm oil. 

Per cent. 
Weight taken ; 5 grms. 

Unsaponifiable matter obtained, 3*9892 grms. = 79*78 
Saponification value of the 1 3 . 4? y 
acetylated product, J /o ' 

79*78x3*47x100 



18*55x115*76 



= 12*89 



Mineral oil found, 66*89 
taken, 66*66 

Buisine's process for estimating hydrocarbons in beeswax, which consists 
of heating tne wax with potash-lime to 250° C, whereby the wax alcohols 
are converted into fatty acids and soaps, from which the unchanged hydro- 
carbons can be extracted bv means of ether* would be applicable to a 
mixture of sperm oil and mineral oil, but not to a mixture containing wool 
fat or cholesterol, since the latter remains practically unchanged (see 
Lewkowitsch, Jour. Soc. Chem. Ind., 1896, p. 14). 



II. Acetylation of Hydroxylated Fatty Acids and Glycerides. 

Determination of the Acetyl Value. — The action of acetic an- 
hydride on hydroxylated fatty acids is similar to its action upon 
alcohols, the hydrogen of the alcoholic hydroxyl group or groups 
being replaced by acetyl. Thus.* — 

C 17 H 32 (OH)COOH + (C 2 H 3 0)„0 = C 17 H 82 (O.C 2 H 8 0)COOH + C 2 H 4 2 
Ricinoleic acid Acetic anhydride Aeetyl-ricinoleic acid Acetic acid 

* See Lewkowitsch, Analysis of Oils, etc., p. 214. 
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Benedikt and Ulzer, believing that those fatty acids which con- 
tain no alcoholic hydroxyl, such as stearic, oleic, and all the 
more commonly occurring fatty acids, are unacted on by acetic 
anhydride, have proposed the following method for the valuation 
of castor oil : — 

Benedikt's Method. — About 20 grms. of the insoluble fatty acids, prepared 
as directed on p. 227, are boiled with an equal volume of acetic anhydride 
for 2 hours in a flask connected to a reflux condenser. The content* 
of the flask are poured into a Jena glass beaker of 1 litre capacity 
and diluted with about 500 c.c. of boiling water ; the beaker is then 

E laced on a thin disc of asbestos millboard, and the liquid is boiled 
riskly for half-an-hour with a cover on the beaker. To prevent explosive 
ebullition, a slow current of carbon dioxide is conducted through the liquid 
by means of apiece of thermometer tube reaching nearly to tne bottom of 
the beaker. The oil and water are allowed to separate, the aqueous liquid 
is siphoned off, and the oily layer is again boiled with water. After boiling 
in this way with three successive quantities of water, the oil is poured on to 
a wet filter and washed with boiling water until the washings are neutral. 
The filter containing the acetylated acids is then removed to a dry funnel, 
which is placed in the water-oven over a dry beaker and left until the acids 
have run through. 

2*5 grins, of the dry acetylated acids thus prepared are weighed into a 
small flask, dissolved in alxmt 10 c.c. of neutralized rectified alcohol, mixed 
with a few drops of phenol phthalein solution, and very carefully titrated with 
semi-normal alcoholic potash added from a burette until the liquid is coloured 
faintly pink. The exact volume of potash solution used having been read off 
and recorded, about twice as much more is run into the flask from the 
burette, and the flask is then corked and boiled under an inverted condenser 
for 1 hour * ; the excess of potash is then estimated by titration with eeini- 
noriual hydrochloric acid exactly as in determining the saponification value. 
The ]Kitash solution is standaidized with the same acid. 

On tlie first neutralization with potash in the cold, the following reaction 
takes place : — 

C 17 H 32 (0.0.,H 3 0)COOH + KOH = C 17 H 32 (0.aH 3 0)COOK + H 2 

Acetyl-riciuoleic acid Potassium acetyl-riciuoleate 

The percentage of potash required for this reaction was called by Benedikt the 
Acetyl Arid ralue. 

By adding more potash and heating, saponification occurs, thus : — 

C 17 IL,(OC 2 H,0)COOK + KOH = C 17 H3o(OH)COOK + KC ? H 3 2 

Potassium acetyl-riciuoleate Potassium riciuoleate Potassium acetate 

the percentage of potash required for this reaction is called the Acetyl Valw. 



Example. 

2 5 grms. of the acetylated fatty acids from a sample of castor oil required 
1322 c.c. N/2 KOH tor neutralization. 1322 x 002807 =0*3711 grm. KOH 

* A large excess of potash and long heating are necessary for the complete 
saponification of the acetylated acids. 
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required for 2*5 grms. =14*84 grms. KOH for 100 grms.; therefore the Acetyl 
Acid Value was 14*84. 

26*22 cc. more N/2 KOH were added, and after boiling for 1 hour 13*41 c.c 
of N/2 HC1 were required for neutralization. Therefore, the acetic acid formed 
on saponification required 26*22 - 13*41 = 12*81 cc. N/2 KOH for neutraliza- 
tion, = 12*81 x '02807 = 0*3698 ffrm. KOH for 2*5 grms. = 14*39 grms. KOH 
for 100 grms. ; therefore the Acetyl Value was 14*39. 

The results in the following table were obtained by Benedikt and 
Ulzer:— 



Table LXV.— Acetyl Values op Oils (Benedikt). 







Mixed Fatty Acids. 


Acetylated Acids. 


Description of Ofl. 


Add Value (KOH 
required for 


Acetyl Acid 
Value 


Acetyl Value, 




neutralization), 
percent. 


per cent. 


per cent. 


Arachis (earthnut), 


19*88 


19*33 


0*34 


Olive, .... 


19*71 


19*73 


047 


Rape, . 




18*25 


17*85 


0*63 


Peach-kernel, . 




20-25 


I960 


064 


Hempseed, 




19*94 


19*68 


075 


Walnut, . 




20*48 


19*80 


076 


Croton, . 




20*10 


19*57 


085 


Linseed, . 




2013 


19*66 


0*85 


Sesame, . 




20*04 


19*20 


1*15 


Poppyseed, 




20*06 


19*41 


1*31 


Cottonseed, 




1998 


1957 


1-66 


Grape seed (Horn), 




... 


... 


14*45 


Castor, . 




17*74 


1428 


15*34 


* Blown oiy . 




... 


1845 


6*22 



Thus castor oil is sharply distinguished from the other natural oils 
(except grape-seed oil) by its high acetyl value, less sharply from 
blown oil, though 10 per cent, of the above sample of blown oil 
would lower the acetyl value of castor oil from 15 34 to 14*43 per 
cent. 

It appears, however, that Benedikt's method of determining the 
acetyl values of oils is subject to an important error, which affects 
the above results in an, at present, unknown degree. Lewkowitsch * 
has found that pure stearic, oleic, and other fatty acids which contain 
no alcoholic hydroxyl may nevertheless give considerable acetyl 
values when treated by Benedikt's process. This he explains by 
stating that the fatty acids when boiled with a lar^e excess of acetic 

* Proe. Chem. Soc. (1890), pp. 72, 91 ; Jour. Soc. Chem. Ind. % xix. (1890), 
p. 660. 
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LnarcArro* asd lcbbicasts. 



anhydride ar» reverted mace or Leas completely into anhydrides, u 

shewn by »Le f jHuwisj efpaaoc. : — 

2C ; H,0>>H + (CSfi^O - fC^jCO^O + 2CH 8 COOH 
Pa^hiit aeui Aoecas aaay&sic Palmitic anhydride Acetic acid 

When the alkylated proioft b boiled with water, the greater part 
of the anhydride is reconverted into acid, 

(CuH^CO^O+HjO = 2C 15 H 3l COOH, 

but a variable proportion remains unchanged, and does not combine 
with potash in M* cold ; thus the acetyl acid value is too low. On 
t/oiting with potash, however, the anhydride readily undergoes 
hydrolysis, and, by neutralizing potash, causes a fictitious acetyl value 
to be obtained. This may account for the fact that the acetyl values 
obtained by other observers have not always agreed with Benedikt's 
numbers. Thus Wilson* gives the following average values for 
castor, olive, and cottonseed oils : — 



Description of OiL 


Acetyl Acid Value, 
percent. 


Acetyl Value, 
percent. 


Cottonseed oil, 

Olive oil, 

Cantor oil, 


18-95 
17*00 
1367 


210 

3*60 

15*50 



In order to avoid the error due to the formation of fatty anhydrides, 
Lowkowitsch at first proposed to determine the acetyl value by dis- 
tilling otV and estimating in the distillate the acetic acid formed by 
t*a|>onitin\tion of the acetylated fatty acids. He has since proposed 
to acotylato the glycerides themselves. 

/ t-irAviri'fA'/r* Mt-thod. — 10-20 grma. of the oil or fat, from which free fatty 
acids »t exceeding ft jht cent, in amount, should be fii>t removed as directed 
on p Vi*S \\\\\ or p. 20i) (V.), are l>oiled for 2 hours with au equal volume oi 
acetic anlndndo and then washed by lx>iling with three successive half- 
liuv< of water tor halt-nn-hour each time, as in washing the acetylated fatty 
a%-MN \\\ IVncdikt's orovoss (j>. 236). The acetylated glyceridesare further 
w.^hed vui :i wot tutor until even* trace of acid is removed, and finally 
du»M ui iho w.ilov -oven. 

V > fj'.HK o\ i ho aoetylated oil are saponified by boiling for half-an-hour, 
u».'.x : .»-* a ivrtux covMiUmm\ with 3ft c.c. of semi-normal alcoholic potash, tin* 
««v »'! , .',; , .» , ! , 1 •> \\ww ruix\l\\ith neutral alcohol into a porcelain basin and 
% \v.wf.»\ ; . out \\w stc.im-lvith until the alcohol is expelled. Al«orptioii 
.- \V .l-;:'.v,£ ih-.> pwvN? need not be specially guarded against. The 
*w\f -^ » : -v^-*.\\\\ tu K V.iv.g wator, rinsed into a 12-oz. flask, and de- 
,»■ \w.x* c\ .-..'vv.vj; .:■.:. w \\w volume ^ascertained by a separate experi- 

* ■ ' • h c. ■'■.-.;' :\\»«.:wViioru- acid or sulphuric acid necessary to 

* . . :s\ /u-«n /.j.. xi. v l$92\ p. 496. 
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neutralize the 35 cc. of standard potash. ' The flask is closed by a cork 
carrying a long glass tube. The fatty acids will melt and form a clear 
oily layer on the surface of the liquid, and the acetic acid, together with 
any soluble fatty acid present, will dissolve in the aqueous liquid. When 
cold, the aqueous liquid is poured through a wet filter, and the fatty acids 
are thoroughly washed with hot well-boiled distilled water free from C0 2 
until the soluble acid is removed. This part of the process resembles the 
determination of the Hehner value (p. 226). The filtrate, which must 
be perfectly bright, is then titrated with decinormal alkali, using phenol- 
phthalein as indicator, and, from the result, the number of grms. of potash 
required to neutralize the acetic acid formed on saponifying 100 grms. 
of the acetylated oil is calculated ; this number is the Acetyl Value 
(Lewkowitsch), per cent. 

The following numbers have been recorded by Lewkowitsch : — 
Table LXVL— Acetyl Values op Oils (Lewkowitsch). 



Description of Acetylated Oil 


Acetyl Value, per cent. 


Olive oil, 

Rape oil, 

Castor oil, 

Cottonseed oil, 

Curcas oQ, . . . 

Maize oil, 

Linseed oil, 

Animal oil, 

Horse foot oil, 

Tallow, 

Shark liver oil, 


1-35- 1-36 
079 

1470-15-0 
211- 2*51 
0-84- 098 
0*79- 0*82 
069 
224 
1-44 
098 
1-78 



Lewkowitsch acetyl values include the potash required to neutralize 
any soluble fatty acids present, as well as the acetic acid formed by 
the saponification of acetylated alcohols, including cholesterol and 
phytosterol, contained in a free state in the original oil. For this 
reason Lewkowitsch values are, as a rule, somewhat higher than 
Benedikt values. 

B. Wachtel* has pointed out that oils and fatty acids which have 
undergone oxidation necessarily give greater acetyl values than the 
un oxidized substances. Samples of commercial stearic and oleic acids 
which he tested by Benedict's process were found to have acetyl 
value8of 0-0 and 6*2 per cent, respectively, which results he considers, 
as the oleic acid had probably undergone some oxidation, shew that 
Benedikt'8 method is capable of giving correct numbers. A sample 
of beef tallow, 15 years old, had an acetyl value of 5 37 per cent., 
doubtless owing to the presence of hydroxy acids formed by oxida- 
tion. These considerations and results shew the necessity of taking 
precautions to prevent oxidation of the fatty acids in preparing them 
* Jour. Soe. Chem. Ind. t ix. (1890), p. 979. 
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for acetylation. They should be dried in a current of carbon dioxide. 
Any error due to oxidation of an oil or fat would obviously affect the 
acetyl value similarly, by whichever process determined, 

Arcbbutt has made some experiments with blown oils.* Thpse 
fi'/*. when acetyl ated and boiled with water, emulsify and are trouble- 
some to wash. It is necessary to boil with six successive quantities of 
water, each time for half-an-hour, otherwise the results are too high, and 
duplicate experiments do not agree. The acetylated /crfYy arid* do 
not emulsify, and are much more easily washed. For this reason, the 
method first proposed by Lewkowitscli — viz.. to acetylate the fatty 
acids and distil oif the acetic acid formed — has advantages in such 8 
case. Bui Benediki's method gives quite satisfactory results. The 
fallowing values were obtained with the same samples of oil by tie 
two processes. In Benedikt's process the insoluble fatty acids were 
washed quite free from soluble acids before acetylation. 





Acetyl Value of the 


Acetyl Value of the 


Dwcription of OiL 


. Insoluble Fmttj Acids 
l.y Benedict * Prooeu. 


Gljreride* by 
Levkowiuch'ft Frocea. 




Percent. 


Percent. 


CisUT K-il, 


14-95 


15D2 


(raoth-r sarnie), . 


15-OS 


15-07 


* F»I w:i : E>: Iij-iia rape vil, . 


5-68 


8-09 


F". !.■■*■:: rwi>.ii i-:l, . 


5-37 


7*97 


i ■ . : wi. ■; -:;-.-i^r*. : .-:i. 


6-96 


9>3 



?:or oil ^ives practically the same result by both process^. 
*::ve a zlwAi lower result. a::d are therefore more sharply 
.i iiyih castor oil. by Bvnedikt's process. 



L— THE IODINE VALUE. 

1. Meaning and Use of this Value. 

*.':-.■■ :t i: ;V. value of a substance is the percent.! £•? of iodine 
:.: ::.:- >.v.:::.>n ur.ier deiinite conditions prescribed by Hiibl in 
I ::. v.i/.:e of the test depends upon the fact that oils, fate ami 
;■; *..•.> .»:- ni:x:*.;r»s, in very variable proportions, of saturated ami 
r.-.ivt . ::u: ;.:::.ls. ar.d th.it whilst the latter readily unite with the 
/.> a:.,: :;:::; a.:.ii::on products the former do not. By bringing 

.;-..: ::.■; "...iL.ven :■;•*:-: her in solution under conditions which 
> . : ' v* :.. .::..:: : .■* .\ ::: : v. i siu m. i t : s found that t he amou i i t o f hal o«;en 

.1 ly ■..».':; k::.i of f.i: a::l oil is very characteristic and affords 
:". ;■ :v.. x >: r-.I-.V. *.o ir.oar.s wo possess of distinguishing one kind 
:.*::: av..*".:.-.t .%:. i o: determining their proportion in mixtures. 
'::; ;:',.'.:>:i;\i rxsu*.:*. * %Vl-. Av. C\im. In J., iii. (16S4), p. 641. 
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The test ia most generally useful in the analysis of fixed oils and fats, 
but it has a limited value in tin identification of mineral lu Dil- 
ating oil, vaseline, aiui paraffin wax. Tho halogen at first used was 
bromine. Allen published details of a bromine process in 1881,* and 

(an improved process was described by Mills in 1^83 and 1884 ; t but 
Htthl'a iodine process has gradually superseded these. The use of 
bromine has recently been revived by Hehner in the form of a 



II. Determination of the Iodine Value, 

(a) Hiibl's Process. — The following solutions are required : — 



i solution, in ethyl alcohol, of iodine and mercuric 
ide,inthej of at least oi lie cimexcurio chloride to < 

mercuric chloride renders the absoi 
rapid and complete, and is essential for the 

In i rag to Hiibl's directioDB, I lit it* of pn 

1 l^ divided into two equal parts; in en 
are diaaolv ng hastens solution), and in the 

powdered n loluble in 1 1 tt - cold) ; the two solntioii 

then mixed. The solution must be kept in a weH-etoppered bottle in a dark, 

cupboard. At first the sti iboufc one-fifth normal, buttb 

k*1 hue gradual!) d Brat rapidly and anVr. 

more fiywhen frcsldy prepared, should be allowed to Stand 

1 it iniisl ;. Ih<s1;i ndanli /I'd. 

ntiniial diuiiiuitii'iu of strength, a Bolution many weelu 61 

no longer be relied upon to give the n rptlon with aub- 

stances of high iodine value, and, as the action of the iloohol 

m rapid in chloride it m Ear better t<< keep 

iodine and mercuric chloride in separate bottlea and to mix 

cmly a few how required far nee, 

nal ThiotulphaU SoUUwn.—ThiM may be prepared by diaaodving 

|12'4i-. i pme, dry aodinm thiosulphai SjGj.&HjQ) in 

00 K The re-cry atalluea silt, aa purcl 
iaalmoBt chemically pure, ally damp; fchecrj ■ 3y require 

ing, drying by moderate pressure between Eolda of blotting paper and 
I bottle. If the above stated quantity erf the 
be made up to exactly 600 e.c, the solution will be bo neai 
that I i v wont it is not necessary to BtomdardiCT il ; and, it I 

dark, it alters in strength very slowly, But i 4 
to prepare* an approximately deuinurmal solution, by dissolving 12*5 gnus, of 



. 



Analyst, vi. (1881), pp. 177 and '215. 

li (18S:|), p, 4&S ; iii, (1884), p. 360. 
$ According to Wij a {Analyst, xxiii. (1898). p. 340) iodine nionocliloride is first 
formed, HgCLj - 41 = Hgl y +■ 2lCl, aud this reacts with the water of the alcohol to 
form bypoiodoua acid, which is the active agent, thus : — Id -r- H.jO = HC1 i HIO. 
§ Owing, according to WijR, to the fact that the hypoiodous acid gradually 
oxidizes the alcohol to aldehyde, thus :- C,Hj > - 3HI0 J : , 

thia reaction, 2HIO(2 molecule!*) liber kte I . a tiaraaaona molecnleofundtoofkipoeed 

CO liberates 1^ in the titration, thus:— HC1 + HIO + K1 = KCL + l^O -t- 14 
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the undried crystals, and to standardize this by means of pure potassium 
bichromate. 

The pure bichromate is prepared by re-crystallizing the commercial salt a 
few times, and is obtained in the form of fine granular crystals by stirring and 
rapidly cooling a hot saturated solution. The crystals are filtered by suction, 
dried in the air-oven at 150°-200 e C, and kept in a stoppered bottle. 

For tlandardizing the thiosulphate, an accurate 1 per cent, solution of the 
bichromate is pnqtared, and is kept in a well-stoppered bottle. 10 cc. of this 
solution are measured into an 8 oz. stoppered bottle and diluted with about 
4 oz. of cold distilled water. 20 c.c. of a 10 per cent, solution of pure iwtaaauni 
iodide (free from iixlate) are added, and about 10 c.c. of dilute sulphuric acid 
(1 part of strong acid to 3 parte of water). This acid liberates exactly 025&4 
gnu. iodine, eiiuivalent to about 20*4 c.c of decinormal thiosulphate. The 
thiosulphate solution is then added from a burette, in drops* with continual 
agitation of the liquid, until the colour of the free iodine has nearly disappeared. 
Starch solution its then added, and the titration is finished very slowly, by adding 
the thiosulphate at first two drops and then one drop at a time and allowing 
plenty of time between each addition, as the final destruction of the blue 
iodide of starch takes place slowly and it is easy to overshoot the mark. The 
colour of the solution is not bleached, but changes to the j>ale bluish-green of 
chromium cliloride. If x be the number of c.c. used, then 1 c.c of thio* 

sulpliate solution is equivalent to grm, of iodine. 

Potassium Iodide Solution. — This is a 10 per cent, aqueous solution of the 
pure salt free from iodate. It becomes slightly yellow on keeping, owing 
to liberation of iodine, but may be bleached by adding a drop or two of 

thiosulphate. 

Starch Solution. — About 1 grm. of pure arrowroot starch is rubbed to a 
smooth cream with a few drops of water and poured into an 8 oz. conical beaker. 
The 1 leaker is nearly tilled with tailing water, immediate! v placed over the 
naked flame of an A'rgnnd-Buiiseii for a few moments and allowed to ljoil up. 
It is then covered and left to stand over night, and the clear liquid is decanted 
for use. If required for use immediately, the hot liquid may be filtered. 

Methylated Cldoroform. — This must be proved to absorb no iodine. 
Place 10 c.c. and 20 c.c. in two stoppered tattles. Add to each, 10 cc. of 
iodine solution, and stopper the bottles tightly, after moistening each 
stopper with a drop of potassium iodide solution. Place the tattles in a 
dark cupboard for several hours, and then titrate the free iodine in each; 
if the volume of thiosulphate used is the same for both, the chloroform is fit 
for use. 

To determine the iodine value, as much of the substance is weighed in a 
very small counterpoised talker as will absorb about 0*3 grm. of iodine, or a 
trifle more. It ia dissolved in chloroform t and rinsed into a dry 8oz. 
stopi»ered bottle, about 10 c.c. of chloroform being used altogether. Aluut 
the same volume of chloroform is then poured into another similar tattle. 
Both bottles must have verv well fitted stoppers. 

The approximate strength of the iodine solution having l>een ascertained 
by titrating 10 c.c. with ttie standard thiosulphate, as much is measured into 
each bottle as will contain at le«*u»t 0G grm. of iodiue. If, after mixing, the 

* If the thiosulphate be added more rapidly an excessive quantity is required. 

-r In testing a substance which is insoluble in chloroform but soluble in alcohol, 
either the substance is transferred to the bottle in a dry state, or it is dissolred in 
lo c.c. of absolute alcohol and exactly the same volume of absolute alcohol is 
added to the blank quantity. 
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contents of the bottle containing the substance be not clear, more chloroform 
is added, the same extra volume being added to the blank quantity. The 
bottles are then tightly stoppered, each stopper being first moistened with a 
drop of strong potassium iodide solution to make a more effective seal, and 
are placed in a cool, dark cupboard for not less than 6, and not more than 
about 18, hours. It is convenient to commence the experiment late in the 
afternoon and titrate the first thing next morning. 

Before commencing to titrate, each bottle, in warm weather, is first cooled 
by running some cold water over it, so as to produce a slight reduction of 
pressure inside, and a few drops of potassium iodide solution are poured 
round the stopper, which, on opening the bottle, are drawn in, rinsing the 
neck and stopper. 20 c.c. of potassium iodide solution are then poured into 
the bottle, ana cold distilled water is added until the bottle is about two- 
thirds full. Part of the iodine will now be in the aqueous liquid, and part in 
the chloroform solution which settles to the bottom. The standard thio- 
sulphate solution is next run in, at first rapidly and afterwards more slowly, 
with constant agitation, until the free iodine has nearly all disappeared, and 
then the starch solution is added and the titration is finished drop by drop, 
vigorously shaking the closed bottle between each drop, until the blue colour 
is destroyed. The difference between the volumes of thiosulphate solution 
used for the blank quantity and for the sample is calculated to iodine, 
and, when divided by the weight of substance taken and multiplied " by 
100, gives the iodine value. 

Example. 

It was required to determine the iodine value of a sample of olive oil. 10 
c.c. of iodine solution, rather old, required 17*2 c.c. of decinonnal thiosulphate 
solution, equivalent to " 0*217 grm. iodine ; therefore, a 30 c.c. pipetfceful 
would contain about 0*65 grm. iodine. Now olive oil, when genuine, 
absorbs about 80 per cent, of iodine ; therefore, weighed out 0*4 grm. In 
titrating, the volumes of thiosulphate solution used were, 

For the blank quantity, . . 50*80 c.c. 
For the test quantity, . . 24*30 c.c. 

Difference, . . . 26*50 cc. 

1 cc. of the thiosulphate used was equivalent to 0*01261 grm. iodine ; there- 
fore, 26*50 c.c. were equivalent to 0*33416 grm. Therefore, 0*4 grm. 
of the oil absorbed 0*33416 grm. iodine, and 100 grins, would absorb 
0*33416-*- 0*4x100=83*54, which is the iodine value of the sample. 

For the attainment of uniformly reliable and concordant results by this 
process, about double as much iodine should be added as the substance can 
absorb. The iodine solution must not be too weak, otherwise the maximum 
iodine absorption is not obtained with oils of high iodine value. The 
digestion with iodine must not be continued for too short a time, nor un- 
duly prolonged ; standing over night (about 18 hours) is sufficient in all cases. 
Although these precautions are more necessary when dealing with substances 
of high than of low iodine value, it is desirable to adopt the same method of 
working in all cases. 

The chemical reactions taking place in this process are not so simple 
as Hiibl supposed. Although addition of iodine, or of chlorine and 
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inline, is the main reaction, a variable amount of substitution takes 
place, which, however, does not interfere with the practical value of 
the results. See papers bj Schweitzer and Lungwitz,* Ephraim,! 
and Waller,^ and the discussion of the subject bj Lewkowitech 
(Analy*i* of &U y pp. 175-180) ; also a valuable paper by "Wys.§ 

(b) Wijs'B FroceoL — Wjj s considers that the hypoiodous acid which 
is present in the Hub! solution ;| is the active agent in bringing about 
the addition of iodine which, in the case of oleic acid, may be repre- 
sented by the following equations : — 

(1) C 19 H w p.+HIO=C ia H M OJOH. 
(2) C^H^UjOH+HCl-C^gr^OjICl+HsO. 

He has proposed, therefore, to replace the Hubl reagent with a 
solution of hypoiodous acid, as a means of shortening the time required 
for a determination. The fact, however," that this acid so readily 



Table LXYIL— Iodct Values drebmdtkd by Hurl's asd Wus's 

Methods. 



Deecription of Ott, 

j 


Knew of 

Iodine, 
percent. 


Time of 
ConUct. 


Iodine Value. 


Lins^d oil, . 


68 


4 hours 


180-91 (Hubl) 








; 5T 


5 minutes 


18158 


n 






57 


7 n 


18225 








1 57 


10 „ 


18217 


M-iize oil, 






68 


4 hours 


124-87 (Hubl) 


w 






1 w 


3 minutes 


12755 


n 






1 &4 


6 „ 


12856 








1 64 


7 n 


12838 


, Sesame oil, . 






69 


4 hours 


110-35 (Hubl) 


I n 






i 68 


5 minutes 


111-87 


i " 






57 


7 w 


111-75 


CVitionseed oil, 






68 


4 hours 


108-76 (Hiibl) 


>i 






59 


3 minutes 


110-07 








59 


7 » 


10983 1 


Rape oil, 






68 


4 hours 


10296 (Hiibl) 


1) 






65 


3 minutes 


103-08 








61 


7 » 


103 33 


Earthnut oil, 






74 


4 hours 


87-26 (Hull) 


♦» 






70 


2 minutes 


86'89 


»» 






70 


3 „ 


8713 








70 


7 „ 


87-25 


■ Olive oil, . 






70 


4 hours 


83*27 (Hubl) 


» • 






70 


3 minutes 


8439 


it 






1 70 


7 „ 


84-45 



* Jwr. Soe. Cktm. Ind. y xiv. (1895), pp. 130 and 1C30. 

+ Analvst. xx. (1S95), p. 176. Ibid., p. 280. 

$ Ibid. t xxiii. (1898), p. 240. fl See footnote on p. 241. 
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'able LXVTIL— HtteL Iodine Values op Fixed Oils, Fats, and 
Waxes, and theib Mixed Fatty Acids. 







J Odin* Values. 






Iodine Absorbed by 100 Parte 


Clan. 


Name of Oil, e tc 








Of Oil, Fat, t-tc 


Of Mixed 
Fatty Acid*, 




nl i vi- oil, , 


78 -80 (rarely 
■I)W«Im m 


86-00 




Olive kernel oil, 


m - bs 


ia 




Arachis (earthnnt) oil, 


M'A-106 


OS'5-IOSS 


i»(fe table 


Caator oil, 


83*5- §6-6 


86-5- SS'o 


• n -drying 


Palm oil, . 


61 - B3-6 


63-6 


* and fata. 


Palm nttt oil, , 


lo -ire 


is 




Coconut oil, 


8 - 0-6 


B-5- 95 




Japan wax, 


4-7 


,« 




Cottonseed stearin, . 


88" 6-104 


oi-;» 




Rape oil, . 


. wnoa 


06-6-105-5 




Eavlaon oil, 


. 110 -122 


126 




Mustard aiJ (black), . 


00 -100-5 


1005 




Mustard oil (white), - 


OS - SB'S 


94-5-00 


cwtahle 


Cottonaeed oil, . 


, 101 -117 


111 -116*6 


ui-drylng 


Curiae oil, 


rs - oo 


,. 


ull4. 


Beft&tnd oil, 


i 108*6-11* 


100 -112 




Beech out oil , . 


; loi -in 


114 




BtaxHnutoll, , 


* 100 


ins 




Maize oil, , 


, 111 -123 


113 -126 




Camellne oil. 


, 132-5- 166 '6 


137 




Linseed oil, 


, 170 -105-6 


1SG -Ml 




Dempaeed oil, . 


. l«6-lST a S 


122 -141 


ylng oils* 


Xigerseed oil . 
Puppjaeed oil, . 
Sao Rower fill, . 


. 133 -1335 
, 13*2*6-146 'A 
, 180 -135 


147-6 
lia'6- 139 
124 -134 




Walnut oil, 


, 132 -161 '6 


160 




Lord oil, . 


67 - BE 






Ncatifoot oil, . 




02 -03 '6 


\niiriii1 


Tallow oil ('animal oH'), 


! ! 60 


.. 


Tallow (beef, mutton , and h< 


jme refined), 32*6- 60 


26 - 41 5 


land fata. 


Rone fat, . 


id-5- S6 


56*5- &7 6 




florae fat, 


71-5- 80 


64 -87 




Lard, 


46-64 


61 




Sperm and faottlanaa* oils, 


76'6-84 


82 - 88 




Porpoise body oil. 


, . . 77 


i. 




Porpoise Jaw oil, strained fr 


r>m aolid fat, SI - 60 






'orpoijie jaw oil, unstrained 


77 


,. 




Dolphin body oil. 


BOG 


.. 


uadn.fi 
isial oil* 


Dolphin Jaw oil, strained fr 
Whale oil, 


jm solid fat, 33 

, 120 -130 


130 -132 


and 


Seal oil, . 


. 126 -152 6 




id w.ilrr 


Menhaden oil, , 


, 148 -100 






Sardine oil. Japanese, 


Ofi -121-5 


.. 




Shark liver oil, , 


00 -114 "5 


.* 




Cod liver oiL 


123 -ira-6 


130-6-170 




Haddock and skate liver oil 


%. • .154 -1575 


.. 




Wool fat, . 


26 - 29 


17 -IS 


Watea 


Spermaceti fA? fcw from spe 


mi oil), . ni L 




[solid). 


Beeswax, . 


8-11 






Camaabawaz, . 


, . 13 5 
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decomposes (5HI0-HI0 8 +2H 8 O + 4I) prevents it from being em- 
ployed with any advantage at first hand. It was found best to obtain 
it by the action of water on iodine chloride (IC1 + H 2 0=HC1+HIO), 
using a solvent which contained only sufficient water to decompose 
nearly the whole of the iodine chloride, and which at the same time 
would not be oxidized by the hypoiodous acid when formed. Good 
results were obtained by using as the solvent 95 per cent, acetic acid. 



Table LXIX.— HCbl Iodine Values of Miscellaneous Subbtakceb. 



Class. 


Description. 


Iodine Value. 

m Iodine abaorbed by 

100 parte. 


Blown oils. 


Blown rape oil, . 
Blown cottonseed oil, . 


63*6 (1 sample) 
56'4( „ ) 


Alcohols. 


Alcohols from sperm oil, . 
Alcohols from wool fat, 
Cholesterol and phytosterol, 


69-5-69-3 
36-0-39-4 
67-3-681 


Resins. 


Colophony, .... 


128*9 


Solid 
hydrocarbons. 


Paraffin wax, .... 

Ozokerit, 

Vaseline (Cheeebrough Co.), 


3*9- 4-0 
4"5- 4-9 
86 


American 

lubricating 

oils. 


Pale* 885/ 

4 Red f engine oil, 

Dark medium machinery oil, 

Dark cylinder oil, 


1252 
16*06 
1415 
1562 


Russian lubri- 
cating oil. 


* Ragosine* oil No. 1, . 


719 


Shale oil. 


Scotch shale oil, '890/ 


22-99 




Rosin oil, 


43-48 



Tho reagent is prepared by dissolving 13 grms. of iodine in 1 litre of 
the acid, determining the titre of the solution, and then passing into 
it a current of chlorine (free from hydrochloric acid) until the titre 
is doubled. With a little practice the exact point can be hit by 
observing the change in colour. The solution thus obtained is 
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employed in precisely the same manner as Hubl's solution, except 
that the time required for the absorption is very greatly shortened. 
In the case of oils with low iodine values, absorption is said to be 
complete in from 3-4 minutes ; with those of higher value not more 
than 10 minutes are necessary, if too much oil has not been used. 
Table LXVII. gives some of the results obtained by Wijs with his 
reagent as compared with Htibl's reagent. 

In almost every case the numbers by Wijs's process are higher than 
the Hubl value, but the author of the process considers them the 
more correct by reason of the results obtained with purified allyl 
alcohol. This has a theoretical iodine value of 435. By Hubl's 
process, Lewkowitsch obtained values ranging from 349-376. Using 
75 per cent, excess of iodine, Wijs obtained by Hubl's process an 
iodine value of 425, and by his own process he obtained values of 
434*1 after 5 minutes' and 436*8 after 10 minutes' contact. 



M.— HEHNEB'S BROMINE THERMAL TEST. 

Hehner and Mitchell have devised a very useful method for the 
rapid determination of iodine values indirectly. Hehner had shewn* 
that when liquid bromine is added to an oil 
or fat dissolved in chloroform or carbon tetra- 
chloride, instantaneous combination occurs, 
accompanied by considerable evolution of 
heat, and in conjunction with Mitchell he 
subsequently discovered that the heat evolved, 
measured by the rise of temperature under 
fixed conditions, bears a nearly constant 
ratio to the iodine value; that, in fact, the 
iodine value, which by Hubl's process takes 
several hours to determine and involves the 
use of a special reagent not always ready, Fio. 70.-— Vacuum 
can be ascertained with considerable accuracy Jackkted Tube. 
in a few minutes by measuring the thermo- 
metric rise with bromine and multiplying the result by a constant. 

The following apparatus and reagents are required : — 
A vacuurr^jacketed tube, t measuring internally 3j inches in length x 

J inch in diameter. 
A Centigrade thermometer, divided in fifths of a degree from, say, 0° to 50*. 
A 1 c.c. pipette, having a short soda-lime tube fixed by a cork to the upper 

end, with a flexible tube for mouthpiece. 
Liquid bromine, and 
Methylated chloroform. 
The Process. — The vacuum-jacketed tube is suspended from the right hand 
arm of the balance by means of a stiff platinum wire loop (fig. 70), a 

• Analyst, xx. (1895), p. 49. 

t Obtainable from Messrs. Baird and Tatlock. 
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counterpoise made from a piece of thick sheet lead being placed in the other 
ran. By opening the side door of the balance case, t£e oil or fat can be 
dropped into the tube and the exact weight easily and quickly adjusted. 
The tube is then slipped out of the wire loop and fixed firmly, by means of 
the shurt stem, in a suitable stand, and 10 cc of chloroform are introduced 
by a pipe-tie. The temperature of the bromine is next ascertained to the 
ncArtsi U'l dec., by stirring with the thermometer, and the same thermometer, 
freed from adhering bromine, is then immersed in the chloroform solution of 
the suhoanor, which is brought to exactly the same temperature as the 
bromine, either by warming the outer tube by the hand or cooling it by 
iminer*ion in cold' water. This adjustment takes place slowly, as the heat 
can i4ily be transmitted 1 »y radiation. Immediately the temperature is correctly 
a<i ju*tal. 1 cc. of the bromine is withdrawn from the bottle and added to the 
chloroform solution, which is rapidly stirred with the thermometer until the 
mervmy ha* risen to the highest point and begun to fall again. As this takes 
I'Luv in about 15 seconds, close observation of the mercury is necessary. The 
aiftVrt- uee Mwceu the initial and final temperatures is the rise of temperature. 
It is durable to vary the quantity of substance taken, according to the 
amount of heat drvelojinl. Of olive and rape oils, 1 grm. is a suitable 
qr.ax*tity : of tallow or any other fat composed mainly of saturated glycerides, 
£ gnus! may be used ; but of linseed oil, which reacta very violently with 
bromine, 0*5 gnu. is sufficient. 10 cc of chloroform and 1 cc of bromine 
ar* u*d in all caws. Tlie rise of temperature when 2 grata, are used 
is divided by 2. and when 0*5 grm. is used is multiplied by 2. The 
rt*uU, expressed by the symbol £, may be called the bromine thermal valve. 

The numerical value of the constant or factor for converting the 
bromine thermal values into iodine values depends upon the heat 
capacity of the particular tube and thermometer used. Hehner 
and Mitchell found it to be about 5 5, Jenkins* 5*7, Archbuttt 
from 5'7 to 0'2, according to the nature of the oil. Each operator, in 
a te>l of this kind, must of necessity work out his own factors, by 
maki ng comparative determinations of the Hiibl iodine values and the 
bromine thermal values of about half a dozen genuine samples of each 
description of oil which he wishes to use the method for. 

The results of consecutive experiments made with the same sample 
of oil arc remarkably concordant, the extreme difference usually 
oWrved Wing 0*3 C. Duplicate experiments, made at intervals 
of several days, usually agree within 0*1° C. Bromine as purchased, 
the same fully saturated with water, and the same dehydrated by 
shaking with strong sulphuric acid and distilling, gave practically the 
sumo results, as the figures in Table LXX., obtained with the same 
sample of rape oil, shew. 

The results of experiments with four descriptions of oil are 
given in Table LXXI., and it will be seen that the agreement 
between the observed and the calculated iodine values is generally 
very satisfactory. Thus, with the seven samples of tallow, the 
maximum difference is 1*7 ; in the case of the olive oils, it is 2*5 ; 
eleven samples of rape oil gave a maximum difference of 1 '5 ; and 
the agreement in the case of raw linseed oil is nearly as good. The 
* Jwr. Soc. Chem. Ind. t xvi. (1897), p. 193. t Ibid., p. 309. 
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Table LXX. 



EXFT. 


Thermal Valui (fi). • C. 


Bromine aa 
Purchased. 


Bromine saturated 
with Water. 


Anhydrous 
Bromine. 


1 

2 
3 
4 


20*4 
20-3 
20-1 
20-2 


20-2 
20'4 


20-1 
20*2 


Mean, 


20*25 


203 


2015 



Table LXXI. 



L Tallow. 7 samples (2 grms. used ; the 


8. Raps Oil. 11 samples (1 grm. used ; 


rise of temperature - 


2=0). 


the rise of temperature =/5). 


Description. 


III 


X 


Si? 


Description. 


ill 

4*3-5 


X 


sis" 

SI? 


American beef, . 


61 


87*8 


89-1 


Stettin, .... 


17-0 


100-6 


99-6 


Home refined, 




67 


41-6 


41-3 


Unknown, 






1735 


1027 


1027 


tt 




67 


41-5 


41'8 


M 






17 4 


103 


103-3 


M 




7-06 


437 


44*8 


tt 






17-3 


1024 


108-1 






7-2 


44*6 


44*0 








177 


104-8 


1057 


Australian mutton, . 


7-55 


46*8 


46*8 








17*8 


105-4 


104-6 


Home refined, . 


8*9 


55*2 


63*6 


Black Sea, 






17*9 
1825 
186 
19*1 


105-9 
108*0 
110*1 
1131 


106*2 
108-1 
109-4 
113-5 













20*3 


120*2 


1217 


2. OLIY1 OIL. 10 samples ( 


1 grm. used ; 


4. RAW LTN8EKD OIL. 10 SSJI 


iples (05 grm. 


the rise of temperatui 


-6=0). 


used ; the rise of temperat 


urex2=0). 


Description 


IB? 

Hi 


o 
X 


Hiibl 
Iodine 
Value. 


Description. 


e i * 

hi 


9* 

X 
CQ. 


SlS" 


Unknown, . 


18*66 


77*2 


787 


Old sample. 


28*5 


1710 


167*1 








18*8 


787 


78-9 


Unknown, . 


, 


28*8 


172*8 


177*0 


Malaga.. 






18*8 


787 


79-3 


American (?) 




, 


29*6 


177-6 


177*0 






, . 


14-2 


80*9 


78-4 


Unknown, 






297 


178*2 


177*8 


Unknown, . 




, , 


14-2 


80*0 


81-4 


Calcutta, 






29*8 


178*8 


1787 






# 


14*86 


81*8 


81*4 






# 


80*45 


1827 


1883 


Oallipoll, 




, 


14*4 


82*1 


82*0 


Baltic, . 




, 


31*85 


1881 


188*6 


Unknown, 




. 


14*46 


82*4 


84*2 








31*4 


188'4 


188*8 


OallipoU, . 




# 


14*5 


82*6 


82*6 








8175 


190*5 


188*8 


if 




• 


14*6 


82*6 


82*1 


it .... 


82-6 


196*0 


192*5 



1ZBHXCAXID? A5D LTB8ICA5TS. 

xLfe-aee l u w ued in tasting ten samples of the latter oil 
*i* * - rs x wi» nmc ±e jnt two samples the difference does not 
~"^i»e waits pnv* shot the bromine thermal test is a 
Lit* method for the valuation of oils, which, in 
=-?• i jir^ number of ails of die same kind have to be 
a*^ a. £nas leal 'if time and labour. 



y — jLiinnxfrs TrTrrgaMT. test. 

i^ i=>i nla r-acs -wisa «srjog sulphuric acid with evolution 
l t^i. ^ * a?? n "ie Tiae of she non-drying and greatest in 
zir zr-z:z nla. la Mliameur"* 5*sc 50 grins, of the oil are 
r i -m-r *r^i I) :.*. if atroag sulphuric acid, both at the 
h-:ll» vonCT. iad zh& rue of temperature is read off. 
tutt** ;r-:r i^ruz *»!' C. -wiza oLive oil bo about 130 3 C. with 
. '1 c i. it "iir* ;, w^ " ^ if nra&cn wish different pure samples 
: il *r* i. r t-.:^. lae -aft. when conducted wi:h due care, is a 
^_ iptc- n ji^smraaaimz me oil from another and of detecting 

-~ — -*~r rf T3i3xai T*?ula by this test depends upon the 
2CjLzl*}q&> especially as regards the strength 



«^-.i:rv iL-.'i -a^L T2A following results by Archbutt* 
-■f- 7 ■: -u — ^r ~J£ scr*Kirii of -he acii, all other conJi- 



t^ls Lxxn. 



J-51 ? na?tLj.TTis ■ " •:.■• wt:h Acid containing 



1- ;> >—; 1? \i yi-72 937.> 9-273 'Jl'^ 



^ S> K"3 345 31 2*6 
*" * 44 4-V5 3S'T 3o'."i 32'3 
•?: >> 54 503 47 1 41-7 



-- :■ v^v-ivr r*« =::r*r *L:>*\y :he weaker the acid, it is 
-c. \l« v :^ s.- l : .v-:^:-:--: n?: less than 97 per cent of 

- < *.* ; :•■« *"^Tr:'. — -*» :e ascertained by analysis since the 
^J .. ~^-- — - : >...■.■ .v.r.: i:: i reaches the maximum at 97*7 ]K?r 

- . i.-\ •*•■■: \ n-.r/sif*. so :h.» acids of 95*6 per cent, ami 992 
-^- " -..: . Vr*-v i har* :"~e s»« speciric gravity (Lunge and AW). 



CHEMICAL PROPERTIES AND EXAMINATION OF LUBRICANTS. 251 

he method of working which we recommend, involves the nee of 
le following reagent and apparatus : — 

Sulphuric Acid (97% HjSC^) ; prepared as follows :— The contents of an 
nopened Winchester quart bottle of pure sulphuric acid are well mixed, 
bout 6 c.c. are then taken out with a dry pipette, quickly delivered into a 
ry weighing bottle, which is stoppered ana the exact weight taken. The 
sid is then carefully diluted with cold water, made up to exactly 500 c.c at 
le temperature of the laboratory and well mixed. 100 c.c. of the diluted 
rid are next measured with a pipette and delivered into a 16-oz. flask, con- 
dning a weighed quantity of pure sodium carbonate dissolved in a small 
uantity of water. 1*10 grms. of sodium carbonate are taken for every 1 grm. 
I acid. This weight of the nominally dry carbonate is placed in a tared 
latinum crucible, gently ignited over a spirit flame for 10 minutes, cooled 
i the desiccator with a cover on the crucible, and the exact weight then 
iken. After the acid has been run into the sodium carbonate solution, the 
quid is heated to boiling to expel most of the carbonic acid, then made 
uite cold, and the excess of sodium carbonate estimated by titration with 
ecinormal acid, using methyl orange as indicator. In order that the end 
oint of the titration may be eharply observed, the colour of the liquid should 
e compared with that of an equal volume of pure water tinted with the 
une quantity of methyl orange and contained in an exactly similar flask, 
'he following is an example of the calculation : — 

a ran. 
Weight of sulphuric acid titrated = | x 1 1 '1 1 10 = 2*2222 

Weight of dry NajC0 3 taken, = 24493 

N/10 acid, 1338 c.c = Na^CC^ 13-38 x 0053 = '071 

Weight of dry N^CO. neutralized, = 2-3783 

Equivalent weight of H,S0 4 = 2-1980 

.\ Strength of Acid= 21 980 -v- 2*2222 x 100 = 9898% n£0 4 

If the acid be weaker than 97 per cent., it is rejected : if stronger, it is 
iluted to exactly 97 per cent strength by adding to a weighed quantity, say 

kilo, the requisite quantity of pure water, which may be measured from a 
elicate burette and well stirred into the acid. The reagent thus prepared 
» preserved for use in a capped ether bottle ; the stock is kept in the 
Winchester/ the stopper of wnich, after wiping free from acid, is smeared 
nth a little vaseline and tied down. 

Beaker $ y tall form, 4 inches high by 2| inches in diameter. These fit into 

nest of cotton-wool contained in a 40-oz. lipped beaker. 

A 10 c.c. burette, with glass tap. The orifice of the iet is reduced by holding 
; in the Bunsen flame until, with the tap turned full on, 10 cc. of the 
ilphuric acid take one minute, within a second or two, to flow out. 

A Centigrade thermometer, graduated in single degrees from 0° to 100°. 

In making a test, the temperature of the air of the room is first of all ascer- 
rined, and the acid is then brought to the same temperature by warming the 
ottle by the hand or by cooling it in water. Exactly 50 grms. of the oil, 
avinc been weighed into the beaker, are stirred with the thermometer and 
rought to the same temperature as the acid, and the beaker is then placed 
a the cotton-wool nest. The burette having been filled with the acid and 
overed by a glass cap, the beaker is brought under it, the tap is opened wide, 
nd 10 cc. of acid are allowed to run into the oil, all the time stirring the oil 
nd the acid most thoroughly together. After the acid is all in, the stirring 
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if unitiiiued until tlit jkjuim 
crff. tli»- imiiuJ tewyeaaut * 

till- L«»f!l]»*rUlU!\. 

Wiji'u u imiiiiwr of annMBK 
Ifptirii^J neuf Ui*- iiurette- u- 
ttlu-t>. ilit- miLiul w?iiipetsitUTt of tat oifc : 
immIiuU«Iv uttnr leHtuu.' «k':L uL life aoxea- Jb Te&iie. *ca: im aii 

Mid lll»- lH*i;k fi) tltt: lnJtli*- Jr CBTOnlJT VXBO 2T^ ALi -XU P U - X IBS OB 

liniw ur» k»Il« wed, very £uuo rarahr jxuty. ,r2L ^ -*=-»»- ft- -"» g -~ 

TImk tent i* moRt uvafu: ix. campomc cm- «Dfc a: bl ^ 
itirjtlii'r, «* iij cuulrolliux: tut quaiivr en nt ramos- a: oL ve» 
to Niiupl«. A*> the rwuli* oinamec art mtsssetc. bs: iblt if ■ 
»tMMi/t)j of the acid used bin ukc by tu* -zxss: *yw wmo.4 
oWrvcr UiUKt cuustruct n lbhk- of nails* i<r jmumiP ir 
M'vi'ru) jiuhj Haiu]il<sK of eacL oL lit T^nnrre- -» «*™»itti» Tie 
following tabl« wiJJ wsrve to nitew, BTmnscmuctrr: -fc±t : 
With wmn wdJ-kuowu oOfi ; — 

Table IXSj 



Kameof OH. 



Animal oil, 4 1 -^T 

Ol J v. m1, 4 ^.7 

Ar.'i' lu.« oil, ...... -i,» 

' 'ii.-ty,i i#j|, ....... =v" _••* 

If .1 J**- m1, ....... If - ; - 

>!« ■■.■nut' oil, ....... %T -'^ 

I ILimv/Ij oil, ...... . ~T ii:<: 

i ' "'.V. Mi*** J oil, "7 -*i" 

l''.r.jf;.*«J oil, *" -r-r 

.*».;"■..'**** o;J, . . . . . . " • 

>«■ '-i : ,r; 

M-:.^;.-:^::, Zi:' 






..»:.:.*. 



evolve more he&l thiii <vyrv «■=*-! :■— Ui: •:■ 
.v !-r.t t?J4t trie liquid froth* o:r: -f :Lt "rvAkr-- : ::■■ 
■**•:■: ':rJ<*r the oil is diluted. F..«r it.:* t-^«>c l 

"-. * ;- r> .*: \-i*. •■.: li.vseed oil dihit^d with 30 jrr-i*. ■:* :~~t- .. 

v.> -.:.-.- :l.*\ -*'?.*.. Tte olive oil urist >« le§V?i *$*:-*3rLy »/ *■• 

.: >.*:.; ^ra".-:."*: .Va:^^1 with it alone, the thermal rix ■:« ;Le '. 

-•l jsI.-liVri i.-! jL-tii by the following example : — 

R.-*: .: :ci>rhi?s of the mix tare, observed, 77*2 S 

3 
Ef-r.t :> to 5 > gnn*. of olive oil = j x 42 s = 25-2* 

E5*:t: i-i-r ^: 20 gnns. of linseed oD, 52"«j" 

/. 5^> gnus, if lin«ed oil would rue - x 52*= 130' 



CHEMICAL PROPERTIES AND EXAMINATION OF LUBRICANTS. 253 

Specific Temperature Reaction.— Thomson and Ballantyne * have 
proposed to avoid the trouble involved in the preparation of an acid 
of known strength by a new method of recording results. Instead of 
stating the rise of temperature in degrees, they propose to express the 
result in terms of the rise of temperature with water at 20° C, taken 
as 100. 

Exactly 50 cc. (=50 grms.) of water are delivered into the beaker from a 
pipette, brought to 20° C, and mixed with 10 cc. of sulphuric acid also at 
20 C. The acid is run into the water exactly in the same way and at the 
same rate as into an oil, but the experiment is not so easy, as in stirring the 
water and acid together in the absence of a lubricant, one is very apt to crack 
the beaker, and the temperature with water does not remain for some time 
stationary at the maximum, as with oil, but quickly begins to falL Having, 
however, successfully made the experiment, preferably in duplicate, the oil is 
tested in the same way and in the same beaker. The result with oil is then 
divided by the mean result with water, and the quotient, multiplied by 100, is 
the 'Specific Temperature Reaction, 1 The following table by Thomson and 
Ballantvne shews the results they obtained by operating in this way with 
acids of three different strengths : — 



Table LXXIV. 



Sample. 



Water, . 

Olive oil, 

Rape oil. 
Castor oil, 
Linseed oil, 



H£0 4 95*4 •/.. 



°2 • 



386 
36*5 

340 

49*0 

34*0 

1045 



III 



100 
95 

88 
127 

88 
270 



H2SO4 96'8 '/,. 



J 



if 



41-4 
39*4 
390 
381 

370 



2g« 



100 
95 
94 
92 

89 



HjSO 4 99-0 7.. 



?§P 



«a 

H 



465 
44*8 
43*8 
44*2 
58-0 

125*2 



100 
96 
94 
95 

124 



Thomson and Ballantyne found, when testing the same sample of 
Dlive oil in two different beakers, one 3 inches and the other 4 inches 
in height, but both 2 inches in diameter, that the temperature rose 2 deg. 
higher in the taller beaker ; the same difference was observed with 
water ; therefore, in whichever beaker the experiments were made, the 
specific temperature reaction, calculated from the thermal effects with 
water and oil in the same beaker, were almost identical, the figures 
being 935 and 93*8. 

The evolution of heat on mixing oils with sulphuric acid proceeds 
from a variety of chemical reactions, e.g., saponification or hydrolysis 
of the glycerides, sulphonation of the fatty acids and glycerin, and, as 
* Jour. Soc. Chem. Ind., x. (1891), p. 238, 



Bti f ^ t v;./;ii;:3l of miiaixc nmnii* TW wuzazna. z£ beat depends 
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:^— eri d:l :^TiT> l ihim or i« n^rnis* MttSkiL ■* ■£.* »iine value. 
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irjnirLit "tii« -n:i- T-i^ntt mil -&* lacnit ik.'n. "»xjii 35 ztfurlT the same 
5.r Hi>c *jlii mil ii»«£. Tirf inZirvsnr caiLr«^fcizTt kecIic obtained 
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xiienxik. tlj-j*- if hh:b» t^1il':u* ~z*s& izc sjt^i£*:c*. D:>rvii2sUndmg 
Uj* iac* Vjls lii* niuri-Iiff ±l Tixt jltvt sue is hue* than three times 
h* ^r^t u n. '-lit iiaiur 

TiEl TTTT 



aaoxqac if lope CC 


17 £itu:i3n«MB. 


lik&nr later 

faimhftnc Srim. 

the IsimiiM 


InSae Tatae | 
Cafecjstod from 
tfc* rc^fcsric Add 
Thtsmai Yatae. 
r*l«. | 


X- 


. 1 


i:e-7 


10*7 


99*4 I 


— 


i 


::m 


i*:sv 


101-4 1 


_ 




* '<j * 


::e-4 


101-9 


_ 


■* 


I .i r 7 


i-:*-* 


106*5 


.. 


r 
•J 


1 j^Z 


l\f"V4 


104"3 


_ 


r. 


i*-z 


1>!V 


106-O 


_ 


~ 


l-'.r-I 


l->\- 


109"9 


»? 


*i 


109*4 


ll->i 


1114 



O.-0XIDATI0N AHD GUMMING OF LUBRICATING OILS. 

I. Fixed OilB. — No absolute quantitative method of determining 
the oxidizing properties of lubricating oils is known. The behaviour 
of the different fixed oils when exposed in thin films to the air at the 
on li nary or a slightly elevated temperature, leads to their classification 
in three divisions, viz. : — (1) drying oils, which by oxidation soon 
Holidify to a varnish and therefore include the paint oils ; (2) so-called 
non-drying oil** which remain fluid for long periods and comprise the 
best lubricating oils ; and (3) semi-drying oils, which form an inter- 
mediate class, drying but slowly, yet too oxidizable to bo well 
adapted for lubricating. Rape oil, however, which is the least 

* Livnche has shewn (Jour. Soe. Chem. Inrt., xiv. (1895), p. 811) that all fixed 
oils, whether vegetable or animal, and even fats, if exposed to the air at a 
Hiilliuictitly high temperature (120-160° C). sooner or later dry up, forming a 
Bolid elastic product similar to that obtained from the drying oils. 
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oxidizable of the semi-drying oik, is largely used as a lubricant by 
large consumers, owing to its comparatively low cost. 

In the examination of olive oil, lard oil, sperm oil, and other well- 
known lubricating oils belonging to the non-drying class, also fats such 
as tallow, it is as a rule sufficient to prove the absence of adulterants 
belonging to the drying and semi-drying classes, by means of the 
ordinary physical and chemical tests, paying special attention to the 
iodine value, which is increased by the presence of the more easily 
oxidizable oils. But with rape oil the case is different. Genuine rape 
oils, or at any rate oils which the analyst is unable to certify as 
adulterated, differ considerably in gumming properties, and a special 
oxidation test is not only useful but practicable, as rape oil is 
sufficiently oxidizable to give a decided result in a reasonable time. 
The following simple comparative test is usually made : — 

(a) Watch-glass Test. — 1 grm. of the sample of oil is weighed on a watch- 
glass, the same weight of a standard sample is weighed on another watch- 
glass of the same curvature, and the two classes are placed side by side in a 
boiling-water oven, where they are left undisturbed for a certain number of 
hours. A good practice is to place the glasses containing the oils in the oven 
at, say, 5 p.m. and take them out at 9 am., i.e., after an interval of 16 hours. 
The condition of the oils is then examined when cold. 

Tested in this way, and using 1 grm. of the substance, rape oil of 
the very best quality does not dry, and does not appear to have 
thickened much when caused to flow by inclining the glass ; inferior 
samples will have crept up and formed dry spots on the sides of the 
glass, and most rape oils will have thickened more or less considerably. 
The result of this test, considered in conjunction with the physical 
and chemical data, is of considerable assistance in judging the quality 
of rape oil 

The same test is sometimes useful in the examination of olive 
oil. In this case 0*5 grm. should be used for the test, the other 
conditions remaining the same. Good olive oil will change very little 
in 16 hours, inferior oil, dark green or greenish-brown in colour, will 
thicken considerably. 

The object of using a weighed quantity of oil is merely to ensure 
uniform conditions, equal weights of oil in glasses of the same 
curvature exposing the same surface area ; it is not worth while to 
attempt to get more out of the test by weighing the oil after exposure, 
as the changes in weight due to oxidation are small and erratic, some 
of the products of oxidation being volatile at 100* C, they are also 
affected by variable traces of moisture in the oils, and no satisfactory 
result is thus obtained. (See Livache's test.) 

(b) Film Test. — A less simple, but for some purposes a better test 
than the above, is made by exposing the oil in a film on a glass plate 
at a temperature of 50° C. It is not easy to obtain continuous films, 
nor films of uniform thickness, and unless they are uniform the 
results are not comparable. The least trace of moisture on the surface 
of the glass, even the film of moist air condensed on all apparently 
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dry »Ld *irf *««, causes some oQs to dimw up into irregular patches and 
droc*. TLis may be avoided by first heating the glass strongly and 
pafmirg it with the ofl while still hot. 

Puwe* x jLaa& gUs. say 3 inches nrmare and ^V ^h thick, are carefully 
c2eaizr*L *n j*d dry. and weighed. Each glass is numbered, and its appraxi"* 
case wri^ti: is mirbed on a card. The glasses are first heated in an air- 
cv^c M =?•>' C. f\-r al»:-ut 1-1 hour, then taken out and laid upon pieces of 
ecrk. As kc«i a* they have cooled down to about 100 ', the upper surface d 
eaec. is thinly painted over, by means of a clean camel-hair brush, with the oil 
to =* jcatoi and the glaas» are then left to become quite cold. When cold 
tl*y &r<£ r IfcMed again on the balance, and more oil is dropped upon the centre 
•:c aKh f Lis* until exactly 01 grm. has been made up. The plates are then 
iiL-i tt±. zbn oiled sides upwards upon a levelled sheet of plate glass, in an 
-.T-rc firci^jei «iih a regulator, bv which the temperature can be maintained 
iz "Ji-r >l "*-ri:urf i-f 5nr C. The oil last added will gradually spread over 
list =criiice ~ f :Lr ?!*£&. At intervals of a few hours the plates are removed 
tr ci zzk it-en. allowed to cool down to the temperature of the laboratory, 
aoi ti* xc-iitijii of the oil tested by touching with the finger. 

Even with the precaution above stated, the film will be thicker is 
£C» puns than o:hers. and will not always dry at a uniform rate ; 
be: ly catkins duplicate tests very fairly comparable results may be 
o? Kiin-ed. As a result of several tests made in this way it has' been 
f:^jii ihv, rented cottonseed oil dries to a Tarnish in from 18 to 24 
L"-Tn reiiied rape oil requires about 48 hours to dry to the same 
ci>n ^ :.:'.*: olive oil does not dry in 13 days. 

F-e foll^wi-; results by Holde* were obtained by spreading M 
.:^7* of ;he oil on a glass plate measuring 5 x 10 centimetres and 
t ^rc^iz 10 air a; oO* C. for 24 hours. The film thus obtained would 
:«r ^.inner :har. ihn formed in the above described test, and might 
;* <=x:>M«evL ;o dry more quickly. 



T.v?:i LXX VI.— Effect of Exposing some Fixed Oils ix this 
Films to Air at 50 s C. (Holde). 



..... 


existence after 




£« Hours' Exposure. 


S*v "*:.*. ■ ".. 


unchanged. 


^■jw>: t ■... 




S ■ .' . :.. . 




Ov.»* c:'„ . 


unchanged, or 




*Vf i:tiv thickened. 


A>.-.'c*.:!. . 


pcrv* j«« iWv thickened. 


Cr»i« r»i>*' *il. 


jusvcpnMv thickened. 




to sticky. 


£.*■*! 7»y**iL 


♦ticky. to dry. 


«>.u »:*.. 


thicker, to sticky. 



Kind of 00. 



Mustard oil, 
Earthnut oil, 
Sesame oil. 
Cottonseed oil 
Sunflower oil, 
Poppy oil, 
Fish oil, . 
Cod liver oil, 
Train oil, . 



Consistence after 
24 Hours' Exposure. 



sticky, to diy. 
dr^. 



v ^ Livaehe's Test. Increase of weight by oxidation.— Any 
*:;v;^r5 vo measure the rate of oxidation of fixed oils by ascertaining 
* DU I'mtcrsuchung dm- SchmiermttUl, p. 98, 
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the increase of weight at elevated temperatures is met by the 
difficulty that some of the products of oxidation are volatile. Thus 
Kissling * found, by passing air through linseed oil heated to 100° C, 
that of 0*87 per cent, of oxygen taken up daily 0*46 per cent, was 
carried away in the form of volatile acids of the methane series, 
carbon dioxide, and other products. Experiments by the same author 
on oils exposed to the air at 100°-105° C. in clock glasses shewed 
that the loss of weight by volatilization frequently exceeded the 
gain of weight by oxidation.! On the other hand, the gain of weight 
at the ordinary temperature is much too slow to be made the basis of 
a practical test. 

Livache, however, has shewn that the rate of oxidation is greatly 
accelerated by mixing the oil with finely-divided copper, tin or lead, 
the latter giving the best results. 

The lead is prepared from solution of a lead salt by precipitation with 
sheet zinc, washing the precipitate well with water, alcohol, and ether, 
and drying in vacuo. About 1 grm. of the dry powder is spread out on a 
large tared watch-glass, and an accurately weighed quantity, somewhat over 
0*5 grm. but not exceeding 0*7 grm., of the oil is spotted over it from a 
pipette, taking care that the drops do not run into one another. The whole 
is then weighed and allowed to remain exposed to light and air at the 
ordinary temperature. 

Livache obtained the following results : — 
Table LXXVTI.— Increase op Weight op Oils by Oxidation. 







Percentage Increase of Weight. 


Kikd of Oil. 


Of Oil after 


Of Patty Adda 
after 8 Months. 








2 Days. 


7Daya. 




Linseed oil, .... 


14-3 




110 


Walnut oil, . 




7*9 


... 


60 


Poppyseed oil, 




6'8 


... 


37 


Cottonseed nil, 




6'9 




0*8 


Beech nut oil, 




43 


... 


26 


Colza oil, 




niL 


29 


2*6 


Rape oil, 




» 


2*9 


0*9 


Sesame* oiL 
Arachis oil, . 




u 


24 


20 




»> 


1-8 


13 


Olive oil, 




i» 


17 


0*7 


Drying oils tested in th 

^_:ji— 4.U- _-: • 


is manner commence to 


gain weight 



rapidly, the maximum increase taking place in a few days, whereas 
the non-drying oils must be left for fully seven days before any 
Useful result is obtained. Evidently this test is unsuited for the 

• Jour. Soc. Chem. Ind., xiv. (1895), p. 479. 

t Lewkowittcb, Analysis of Oils, etc., p. 2fe5. 
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J'^ur. Soc. C/iCm. /«</., xv. (1590), p. 476. 
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Table LXXTX.— ■ Change of Weight (peb cent.) bt Oxidation of 
Pube and Mixed Olive Oil (Bishop). 



Number of 
Houn Exposed. 


Olive OIL 8p. Gr. 0*9155 at 16' C. 


Pore. 


+ 20 7. Arachia OIL 


+ 20 7. Cottonseed OIL 


Temp. 14°-34-5\ 


Temp. 14'-M-5\ 


Temp. 14*-84-5°. 


24 

48 

72 

144 

384 


+0-80 
2*40 
3*40 
4-70 
6-30 


+ 175 
3-00 
4-00 
475 
655 


+325 
4'25 
4-80 
5-60 
605 


24 

48 

72 

144 

264 


Temp. ir-28\ 


Temp, ir-28". 


Temp. ir-2S*. 


-0-30 

-0-20 

+0*90 

2'20 

2*30 


-0*30 

-0-20 

+ 1-70 

310 

350 


-0-30 

+050 

290 

3-80 

390 



A summary of Bishop's results is given in the following table : — 
Table LXXX. 



Description of Oil. 


specific 
Gravity. 


Increase of 
Weight per cent. 


Mean 

Values. 


Linseed oil (French), 


09327 


17-70-16-40 


1705 


„ (La Plata), 




09304 


15-45-1500 


15*20 


Hempeeed oil, 




0*9287 


14-55-14-30 


14-40 


Poppyaeed oil (French), 
Walnut oil, . 




0-924 


14-50-13-90 
1370 


14*20 
1370 


Cottonseed oil, 




0-924 


860 


8*60 


„ (chilled), 




0-923 


9-60- 930 


945 


Sesam6 oil (Senegal), 




0-9215 


8-95- 8-50 


8-70 


„ {Indian). 
Arachis oil (African), 




0921 


7*40 


7-40 




0-916 


6-70 


6-70 


„ (white), 




0-916 


6-50 


6-50 


Colza oil (French), . 
„ (Indian), . 




0-9142 


6-40? 


640? 




0-9137 


5-90-5-80? 


5-85? 


Olive oil, 




0-9155 


5-30? 


5-30? 



This test deserves further investigation in connection with lubricating 
oils, 



nHTTV~irT -*3D UTBXICJLSTS. 

L— Dt Angns Smith * in 1870 used the 
t.L--*-^: -cs n ^mnmnny jams samples of rape oil intended for 
zzmircLz. ±. nsmsami rnanatr or ch* oil, from 3-5 cc^ was 
rTi±zrii rrp-r -n&mrr jl & xradnaaed tube filled with oxygen. 
±j^:tzt^ii -x-i* lima iiuwiT toe 3Sb»£It dazing 22 days, when the 
£r:~=zzi=*ir t\s snnumL mil sis sira! Tofmne of gas read off. 

Ratio. 

j* 1 •.:. n iii 5o„ I lanrwii 37-* c. 4. I 148 

, 3*l i , 47-* tt 187 

, y.j.3 , 25-5 tc I 100 

Tit* -ninnies if ix-joti absorbed in the first 48 hours were 
lrrrrsLi^T ^l Tin* am* asm. Dr Smith considered that the 
ji.":iTisr r :i Txjie ;f ihew mm pip* would be in the inverse order of 

J:i • 2jg ••*scr£c«tl she following method: About 1 grm. of 
iii*; :il a sealed ir wim 0*5 zrm. of precipitated lead in a glass 
Tz-*i hnizx a :apachr of aboofi 10O cc The whole is then 
Lsa>ii in aa oil-bash for seTeral hours at 105° C, when the 
an-: in: of oxygen absorbed is estimated by noting the decrease in 
Tolid<% of gig in the tube. The following results were thus 
obtained : — 

! KindofOfL ' c.c. of oxygen absorbed hjr \ 

1 grm. of olL 

i 

Lin**d oil, 126 to 191 

(UAAmwmA oil, 24*6 

Haiie oil (brown), 20*0 

Colza oil, 17*6 



Olive oil, 



8-2-8-7 



lluch,J following Fresenius, has used a similar method, omitting 
tho lend. A known quantity of oil was heated for 10 hours with 
oxygon in a sealed tube of 100-125 cc. capacity in an air-bath at 
1 10"' (\ Tho i>oint of the tube was then broken under water and the 
nlisorhcd oxygon calculated from the volume of water drawn in. The 
result* given in Table LXXXI. were thus obtained. 

Holdo§ describes the following method. From 1-1*5 grm. of 
f tv^hly i^txiUnl pumice stone, in grains about the size of mustard seed, 
\$ pUvvd in a glass tub© 30-40 cm. long and 20-30 mm. in diameter, 
*o*iod at on* end, and from 0-3-0*5 grm. of the oil is slowly dropped 
ott to tho pumice from a tared beaker; the exact weight added is 
A^v.U'ttod by weighing the beaker afterwards. The open end of the 
i.-.V Va\v.v$ Iven drawn out and allowed to become cold, the air is 
> : v .\,\si ^ *\\y$*rt *nd the tube is quickly sealed with a fine blow- 

• *>0rt* ^|xvf. + Analysi, riiL (1S33), p. 116. 

r ■*■ cw * % k/«k :**> Tiii ;i*S9\ p. 990. 

$ ,'f , »ry»,'Uvv &4nwr*u;jtf,;. pp. 96 and 100. 
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ae. After heating in a water-bath for several hours, the end 
;ube is broken off under water, and the volume of oxygen 
1 is measured. The most suitable temperature and time of 



Table LXXXI. 



Kind of OIL 


c.c. of oxygen absorbed by 
1 grm. of oil. 


a 

a, 

eed oil, 

>il, 

oil, redistilled, so-called cod oil 
kowitech), 
I lubricating oil ('865), 

. » ., <«"). • • • 

i mineral oil, 

it and valve oils, .... 


166 
144 
111 
181 
96'3 

4'8 
•7" 
•74 
•10-46 



depend upon the kind of oil experimented upon. Three 
mating in a boiling-water bath was used in the experiments, the 
f which are recorded in the following table : — 

Table LXXXII. 



Description of Oil. 


c.c. of oxygen, reduced to 20* C. and 760 mm., 
absorbed by 1 grm. of oil. 


Single Values. 


Mean 
Values. 


aed oil, .... 
rape oil, .... 
1, . 
i of bone oil and refined 

•. of bone oil and refined 
)il, 

a, 

•a, 


68-7 

45'5 ; 49-7 

333 ; 340 

321 ; 281 ; 330 ; 28*0 

(299); 24-7 ; 220 ; 222 

24-5 ; 239 ; 253 ; 24 4 
183 ; 16*6 ; 14*2 


68-7 
47-6 
33-7 
30-3 

230 

245 
164 



Ineral Oils. — Although, as is shewn by Bach's experiments,* 
ubricating oils are able to absorb small quantities of oxygen 
ated with it, the amount of oxidation which occurs under 
conditions is practically nil. The thickening or * gumming ' 
oils, when it does occur, is due chiefly to the evaporation of 
> volatile hydrocarbons and the concentration of asphaltic, 

o Ostrejko, Jour. Soc Chem. Ind. t xv. (1896), pp. 26, 345, and 645. 
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Table LXXXHI (A).— Chaitow vbdebooss bt Mi 

CI drop' of Oil 



Xo. 


Description. 


Colour. 


ComparaJlve 

Efflux Velocity 

atnra 

Watir-1; 
Refined Rape 

on-is-t. 


Spadfie Gravity 

•tare. 


P=P* 

dosed 

0=0pe 




Pali Oils ; trahsparmt ni 15 mil tube. 








1 


8o-called • paraffin oil,' 


OolomlMi 


5-9 


0486 


W 


2 


American * motor ' oil, . 


Reddiah-brown, 
fluorescent 


11-8 


•• 


- 


8 


Ruatlan heary machine oil, . 


Reddiah-brown 


27-6 


0-904 


utr 


4 


Heary machine oil, 


Light coloured 


06-4 aft 16* CI 


0-889 


90* 


5 


ii ... 


ii 


88-9 


0*908 


l» 


6 


•I • • . 


i> 


380 


0-908 


1*5 


7 


... 


I* 


42*9 


0-906 


187 


8 


Russian heavy machine oil, . 


Reddish-brown 


6-2 at 60" C. 


0-901 


I* 




Dark Oils; opaqui m 6 mm. tuml 








9 


Russian axle oil, . , , 




455 


0-900 


171 


10 


Axle oil, 


•B 


46*0 


0-906 


17! 


11 


II • • • s . 




87-0 


0-907 


16 


12 






87*6 


0-906 


17 


13 


Lubricating oil, .... 




SOD 


0-966 


M 
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sating Oils when heated in thin Layers (flbtae). 
x 10 cm. Glass Plate.) 



1 

Condition of Oil Film after heating to 


60" C. 


100* C. 


ran. 


140 Hours. 


190 Hours. . 


800 Hours. 


86 Hours. 


70 Hours. 


120 Hours. 


300 Hour*. 


com- 


ai before 


mere trace of 




all but traces 


completely 






revap- 




oily residue. 




evaporated. 


evaporated. 






l;reai- 
much 
















all bat traces 


as before 




greater part 


as before 


mere trace of 


## 


rated, 
*ibly 
med. 
inged 


evaporated; 
residue oily. 






evaporated; 
residue oily. 




oily residue. 




unchanged 


much evap- 


as before 


greater part 
evaporated; 


all but trace 


,. 








orated; resi- 




of oily resi- 










due oily. 




residue oily. 


due evap- 
orated, 
as before 






, *!£*- 


greater pari 


as before 


as before 


greater part 


all but oily 




L,other- 


evaporated ; 






evaporated; 
residue oily. 




traces evap- 




nn- 
ad. 
inged 


residue oily. 








orated. 




much evap- 


as before 


the greater 






., 






orated; resi- 




part evap- 












due oily. 




orated ; resi- 
due oily, 
the greater 










inged 


much evap- 


as before 




greater part 








orated ; resi- 




part evap- 




evaporated; 








due oily. 




orated; resi- 
due oily. 




residue oily. 






taged 


•• 


partly evap- 
orated; resi- 
due oily. 


the greater 
part evap- 
orated; resi- 
due oily. 






«. 




yrapor- 


the greater 


all but traces 




greater part 


all but traces 


.. 




but 
e oily 


part evap- 
orated; resi- 


evaporated ; 
residue oily. 




evaporated; 
residue oily. 


of oily resi- 
due evap- 






un- 
ed. 


due oily. 








orated. 






mneh 


much thicker 


largely evap- 
orated^nuch 


much evap- 


barely fluid, 


as before 


sUU leas fluid 


sticky 


r. 




orated, very 


very slightly 












thicker. 


thick. 


sticky. 








much 


much thick- 


much thick- 


mostly evap- 


tm 


.. 






*ed to 


W h0y 


er, slightly 
stickyT^ 


orated; other- 










iightly 


wise as before. 










much 


as before 


as before 


much evap- 


almost dry, 


.. 


.. 


., 


med. 






orated; oily. 


oily when 
warm. 








much 


much evap- 


as before 


mostly evap- 


barely fluid 


as before 


as before 


very much 


rood. 


orated, con- 




orated; resi- 


to slightly 






evaporated, 




siderably 




due oily. 


sticky. 






otherwise 




thickened. 












as before. 


much 


a little thicker 


much evap- 


much evap- 


sticky, barely 
fluid. 


barely fluid, 


as before 


(176 hours), 


med. 




orated; a 


orated; thick 


very slightly 
sticky- 




much evap- 






little thicker. 


to sticky. 






orated, and 
almost solid 
















even when 














1 warm. 
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resinous, or tarry matters in the residue. Gamming is most marked 
in the case of the dark residuum-containing oils used for railway and 
rough work ; the refined, pale and charcoal-filtered oik, from which 
the resinous and asphaltic constituents have been removed, under- 
go scarcely any change except a thickening due to evaporation when 
heated. 

The results of experiments by Holde,* who has paid considerable 
attention to this subject, are contained in Tables LXXXIII (A)., 
LXXXI V (B)., and LXXXV (C)., which shew the behaviour of various 
mineral lubricating oils when exposed to the air in thin and thick 
layers at temperatures of 50° and 100° C. 

In Table A the behaviour of the pale refined oils is compared with 
that of the dark ' reduced ' oils, and the greater tendency of the 
latter to thicken and form sticky or 'gummy' residues will be 
observed. 

The results in Table B are intended to shew the behaviour of the 
very asphaltic Hanigsen petroleum in its crude state and also after 
the extraction of part of the tarry matter by petroleum spirit and 
alcohol-ether. 

In Table C quantitative results are given, shewing the amount of 
evaporation resulting from the exposure of mineral oils to 100° C. for 
several months in thicker layers (0*2 1-0*24 grm. of oil with a surface 
of about 75 sq. cm.). The pale, very fluid, and non-resinous 'paraffin 
oil/ No. 5, from the lowest lubricating oil fractions, gradually 
evaporated in the course of 15 months, without leaving a trace of 
resin behind ; the more viscous, brownish-yellow ' motor ' oil left a 
small solid residue, consisting partly of resin originally contained in 
the oil and partly (as the dark colour of the residue and its insolubility 
in petroleum spirit proved) of oxidized hydrocarbons formed during 
the heating. The very viscous oil, No. 7, consisting of a distillate of 
very high boiling point, evaporated and dried very little ; the same 
oil, partly de-resinified by treatment with alcohol, dried still less. The 
oils which dried most were the residuum-containing oils, Nos. 1 to 4, 
of which again those purified with alcohol- ether dried less than the 
untreated oils. The Russian oil, No. 1, contained, as the viscosity 
shews, lower boiling hydrocarbons than No. 7, and therefore, although 
it reunified more quickly than the latter oil, the residue was 
essentially more fluid. All the resinous residues left by heating 
mineral oils are incompletely soluble in petroleum ether, even though 
the original unheated oils (as Nos. 6-8) may have been completely 
soluble ; these residues are, however, easily soluble in benzene. 

Holde summarizes the results of his experiments as follows: — 
When exposed to the air in thin films (1 drop of oil on a 5 x 10 cm. 
glass plate) the pale and dark-coloured distilled mineral oils do not 
resinify after several months' exposure, either at the ordinary 
temperature or when heated to 50° or 100° C. Dark residuum- 
containing oils by long exposure at ordinary temperatures resinify very 
* Die Untersuchung dcr Schmicrmiltcl, pp. 88-99. 
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little, but at 50°-100° C. a marked thickening, and, with very tarry 
oils, even complete reainification occurs, whilst the greater proportion 
of the fluid hydrocarbons evaporate, and the remainder oxidize, 
adding to the tarry and asphaltic contents of the residue. 

In thicker layers (0*20-0*25 grm., exposing a surface area of 75 
sq. cm.), the pale-coloured, non-resinous distillates do not resinify 
even at 100° C, but the dark-coloured distillates, containing 1-3 per 
cent of resin, leave partly resinous residues. Dark residuum- 
containing oils, similarly treated, yield sticky or solid products, even 
after the first few months, and after 15 months the residues are quite 
hard and pitchy. 



Table LXXXIY (B). — Behaviour of Crude Haniosen (Hanoverian) 
Petroleum heated to 50° C. (Holde). 

( ( 1 drop' of Oil spread on a 5 x 10 cm. Glass Plate.) 



Previous 
Treatment. 


Consistency 
at 


Number of Hours heated to 60° C. 


21 


42 


70 


800 


None 


ordinary 
temperature 


very sticky 


sticky, solid 


•• 


•• 


w-Mr 


oily 


very sticky 




•• 


Partly freed 
from asphalt by 
petroleum spirit 
(' benzine ') 


ordinary 
temperature 


very sticky 


very sticky 


sticky, solid 


•• 


4ST-«r 


oily 


sticky, scarcely 
oily 


sticky, solid 




Purified from 
asphalt by ben- 
zine, and from 
pitch by ether- 
alcohol 


ordinary 
temperature 


moderately 
sticky 


sticky 


solid and 
sticky 


solid and 
sticky 


4Xf-W 


oily 


viscid 


viscid 


viscid 




fc Cv> 



•S 



WCL<^»> 




**=* I ti 
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Latxbs at 100 s C. (Hoide\ 





5. 


6. 


7. 


8. 




Bnasian, colourless, 

clear, transparent, 

'paraffin oU.' 


American brown* 

yellow, fluorescent, 

motor oU. 




Ho, 7, deretdnifled 

by 70 per cent, 

alcohol. 


iby 
:1V 


dmtflmte, made 
in laboratory. 




6-9 


11*6 


106-9 


- 




158* C. (P«wt|r) 


19T(P«M*y) 


•• 






0-2042 


0-2430 


0"2170 


0-2148 


nee 
nee. 


Total 
Low of 
Weight 
(gnn.). 


Consistence 

and 
Appearance. 


Total 
Loss of 
Weight 
(gnn.). 


Consistence 

and 
Appearance. 




Total 
Loss of 
Weight 
(grm.). 


Consistence 

and 
Appearance. 


1 


0*0068 


oily, fluid 


0*0124 


oily 


- 


oily 


•• 


oily 


Icky 


01170 


oily 


0*0262 








- 


- 


icky 


0*1802 


•• 


0*0458 




0*0024 


oily 


0-0026 




Icky 


0*1522 


oily 


0-0774 




0*0100 


•• 


0*0078 




a 

iiy 


0-1022 


- 


0*0952 


•• 


0*0173 


oily 


0*0106 


** 




0*1727 


oily, 

darkened in 

colour 


0-1114 


oily 


** 


•• 






»rt 
rett 
• 


0*1846 


traces of oily 
residue 


01304 


greater part 

waxy, rest 

greasy 


0-0815 


Ttecousoll 


0*0204 


thick oily, 
partly solid 


tnd 
tmt 
in 3 


0-1876 


traces of oily 
residue 


01533 


solid, brown 


0*0330 


thick jelly, 

but part 

solid 


0*0272 


Tisoous, 
partly solid 
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SKSSZAXBXfUS 00MBU8TI0V OF OILY XATKBIAI&. 



1< « vhu. k»;wx lhal oily rags, oily cotton waste, and 
saofnLtf l» bi^ut to heat and take fire spontaneously, and that 
ximoCTiQi i?» 21&1Y orainaled in this way ; a brief ^n w "* i, r d 
xi*» *l; : ik6 s i^tc*f x* of importance to all users of lubricants 

Tia rxiiitsi.c. :£ du* it a process in which heat is always eiohri, 
>n- 120s .*c : "iify circumstances, the temperature of the aft b nst 
wa^or mcmc* r*SK3B* ihe heat, which is evolved slowly, is cos- 
riL-sac a wr 4j f «$s as it » liberated. When the rapidity of arik- 
xoi s -jrcmawc fcy Vowing sir through a large mass of oil, atintbi 
3&izirk.-TC7» cl ici&esed oils, the temperature rises considecablT. 
vTaxciscc* »«5 fATucnble for the generation of heat by oxidatus 
;n»a'i ^?*CL«>« wb«t a fibrous substance like cotton is saturated 
▼vJi ccl a=.i «hr:vs ic^eiher in a heap, especially in a warm place. 
Viofr ^i-etM ccsiifios* ihe oil, spread out in thin films on the cotton 
£ :«* t???k::~«3 a Law surface for oxidation, and the heat being pi* 
T^-vc rwa escaping owing, chiefly, to the absence of convection 
e-^rre:::^ raises the temperature of the mass and thereby promote! 
core vigorous oxidation, which leads to a further and more rapid 
development of heat, until finally the temperature of ignition of the 
mass may be reached and it bunts into flame. 

The subject has been experimentally investigated by Gellatly, 
Coleman, Young, and many others, by saturating balls of waste fibre 
with various oils, placing them in a chamber heated to 212' F. or 
some lower temperature, and noting the time taken by the mass to 
inflame. The results obtained have shewn that the drying oils, such 
as linseed, and especially boiled linseed oil, cause ignition most 
readily, and the non-drying oils least readily, but all drying and 
semi-drying oils, and even such non-drying oils as olive and lard oil, 
are capable of causing ignition sooner or later under the conditions 
named. Mackey has shewn by experiments with olive and cotton- 
seed oils * that free fatty acids are more liable to develop heat and 
eventually to fire when spread on cotton than the neutral oils them- 
selves,! a fact which he considers of importance in relation to tire 
risks in woollen mills, as recovered cloth-oils and distilled oleines 
consist largely of free fatty acids. According to Kissling,} the 
generation of heat is influenced to a considerable extent by the nature 
of the fibrous material, being most rapid with silk, and less in order 
with animal wool, cotton wool, jute, and hemp. 

In practice, the risk of fire arising from spontaneous ignition of 
oily material is greater the more readily oxidizable the oil, and there- 
fore, generally, the higher the iodine value of the oil and the greater 

• Jour. Soe. Chtm. Ind. t xiiL (1894), p. 1164. 

t The difference has to do with the chemical action of the fatty acida on the 
cotton, as it was not observed when an inorganic material like slag wool was 
substituted for the cotton. 

;ji»ur. &c. CkewL Jnd., xiv. (1895), p. 479. 
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lie evolution of heat in Maumene's thermal teat Mineral oils, 
which are practically incapable of oxidation, do not heat at ail, and 
not only are they, therefore, free from the danger of spontaneous 
ignition, but, when mixed with fatty oils in sufficient proportion, 
which varies according to the nature of the fatty oil, they prevent 
the risk of fire arising from the spontaneous ignition of the mixture. 
Given a sufficiently high flashing-point, not below 340*-350* F. 
(1 71*- 177° C), the more mineral oil there is in a mixed lubricant the 
safer the oil as regards the liability to cause a fire ; nevertheless, the 
Fire Insurance Companies consider the fire-risk in textile and woollen 
mills greater the higher the percentage of * unsaponifiable matter ' * in 
the oil used- This is chiefly owing to the fact that when a fire has 
once broken out, mineral oils, which, as a rule, flash at a lower tem- 
ature than the vegetable oils, are more likely to assist in spreading 
fire in proportion to the difference of flashing-point (Mark- 
Both in the United States and in this country apparatus has been 
devised specially for the purpose of determining the relative liability 
of oils to cause spontaneous combustion. 

AUbright and Clark's Apparatus,* generally known as Ord way's, consists of 

Tubes placed one inside the other. The 
t ube is of wrought iron, 6 inches in diameter, and is closed at each end 
by discs of wood. The inner tube is of sheet iron, 4 inches in diameter, and 
ft inches shorter than the outer tube, and is fitted with overlapping metal 
l t which support it centrally within the oater tube., leaving 
an annular air-snare of 1 inch between the two tubes and a space of 3 inches 
at each end. The apparatus, suitably supported^ is heated by a Bunsen 
burner, and three thermometers, which are inserted into the inner tube through 
the outer, allow the temperature to he read off. 

60 grma of the oil to be tested are distributed as evenly as possible over 
50 grms. of cotton waste, which is then carefully pushed into one end of the 
inner tube, and a second similar ball of un-oiled waste is inserted into the 
other end. One thermometer is placed with its bulb in the ball of oiled 
waste, one in the ball of un-oiled waste, and the third midway between the 
two. The outer tube is then heated so that the thermometer in the un-oiled 
waste indicates 100*- 101* G\, not higher, the maintenance of this tempera- 
ture being controlled by means of the middle thermometer, which should be 
kept at about 125" 0. Spontaneous heating of the oiled waste is indicated 
temperature of the maw rising above that of the un-oOed wasteland the 
difference of temperature will be greater and the rise more rapid the more 
dangerous the oil 

Richards states that this apparatus has been of the greatest use in 
determining the cause of fires and in estimating the relative safety of 
oils for use in textile mills. Among other results it has been found 

* Mackey, aa well as Lewkowitsch, has pointed out the fallacy of assuming the 
•nnsapooinable matter* to consist of mineral oil, since in recovered wool grease, 
for example, it may be composed entirely of cholesterols, and should therefore M 
examinea as described in Chap. VII. p. 219. In distillfd wool greaae hydrocarbons 
occur, which, though not 'mineral oil/ are uu distinguishable from it, and, as 
regards fire-risk, may be regarded as identical. 

t Richards, Jour. Sac. Ckem* Ind., ll (1692). p. 547. 
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that the proportions of neatsfoot and best lard oils whir 
mixed with mineral oil amounts to from 50 to 60 per cent, whii- 
more than 25 per cent of cottonseed oil can be safely added, Tha 
say, cotton waste oiled with a per cent, lard oil and 

50 per cent, mineral oil would not be liable to ignite spontaneously, 
but if the lard oil were adulterated v tnaeed oil, ignition might 

occur. In either case a good deal would depend upon tl 
the heap of waste and the temperature of the surrounding air. 



I 



Mackey'a 'Cloth Oil Test^ 

71)*' 

tube D 

and t 






II 






WATER JACKET 






fta 71.— Cloth-Oil Tkbtwu 

^rms. of the oil to be tested are weighed into a ah.i 
grma. of pure cotton wool, and 
oil by hand with the well teased wool, v 

>il, the thermometer is held upright in tl 
and the oiled wool is carefully an 

1 the water in the outer jack 
eter are placed in the inner ch 

i over the thermometer Btein, and the latter is 
tightening up the Bcrew-clamp D. The rVonwter abaoid 

be such that the red mark on the stem is jusl 

• Jour. Soc. Chem. /«<*., xin (1895), p. 940 j and xv, (189^, p. GO. 
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cket is kept steadily boiling, care being taken that steam is neither 
awn the tube B nor warms the tube A, and the temperature of the 
•ead off at intervals. 

ually takes about 1 hour for the oiled wool to reach the 
ture of the bath (100° 0.-212° F.), and safe oils, like pure 
1, will not rise much higher; but dangerous oils will con- 
* heat, and very dangerous oils, such as cottonseed, will rise to 
(392° F.) within one hour and a half. Generally, the tempera- 
;er a certain point is reached commences to rise very rapidly, 
en this is the case the thermometer must be withdrawn after 
y say 250° C, otherwise it may be damaged. Mackey states 
f oil which, when tested in this way, reaches 200° C. in two 
Day be regarded as too dangerous for use in mills. The worst 
oil, from a fire insurance point of view, will heat more rapidly 
is. 

rone using the apparatus for the first time should experiment 
ire olive and cottonseed oils, comparing his results with those 
ollowing tjable by Mackey, until he has found how to prepare 
k the mixture of wool and oil so as to obtain similar results : — 



Table LXXXVI. 







Temperature In 




Oil used. 






Maximum. 




lhr. 


1 hr. 15 m. 


lhr. 80 m. 


2hn. 




C C.=*F. 


•C.^F. 


°C.='F. 


•C.=T. 


°C=°F. H. M. 


ueed, 


126=267 


242=468 






242=468 1 15 






121=260 


242=468 


282=640 




284=543 1 36 






128=262 


212=414 


226=487 




226=487 1 80 






124=256 


210=410 






248=478 1 85 






116=241 


192=878 


200=892 




200=892 1 80 






118=244 


191=876 


202=396 




202=896 1 80 






117 = 248 


190=874 


194=381 




194=381 1 30 






112=234 


177=861 


204=899 




211=412 1 45 


fatty acids, 


114=287 


177=361 


.. 


.. 


196=886 1 25 


> it • 


106=221 


166=829 






293=569 1 55 


• 


102=216 


135=275 


208=406 




226=439 1 45 


i Australian oleine, 


103=217 


115=289 


191=876 




230=446 1 4ft 


(containing 1 °/„ free 


98=208 


102=216 


104=219 


.. 


241=466 8 26 


ty acids), 












>,.... 


98=208 


101=214 


102=216 


., 


110=230 2 8 


leiue, 


98=208 


100=212 


102=216 




172=342 8 15 


ji oleine, . 


98=208 


99=210 


100=212 


. m 


173 = 343 8 16 


[neutral) . . 


98=208 


100=212 


101=214 


.. 


235=456 5 15 


t :; I : : : 


97=207 


100=212 


101=214 




228=442 4 80 


97=207 


.. 


101=214 


.. 


235=456 4 55 


i, 


139=282 








200=892 1 4 




99=210 


101=214 


102=216 


108=217 


113=236 4 80 


;ure of 50%' of No. 20 \ 
and 60/ o of No. 21 / 


102=216 


117=248 


.. 


.. 


200=892 1 29 


jure of 25°/ of No. 20 \ 
and 757. of No. 21 / 


99=210 


106=221 


112=234 


.. 


200=892 1 62 


;ure of 107. of No. 20 ) 
and 907. of No. 21 / 


99=210 


102=216 


106=221 


127=261 


200=892 2 9 



- " — .- I'zunr-j. 






1 i rn::.:» 



. i«*r^*"«: 



S 



CHEMICAL PBOPERTIES AtfD EXAMINATION OP LUBRICANTS. 2 









Q.— DETECTION AND ESTIMATION OF AEACHIS OIL 
IN OLIVE OIL. 

Arachis or earthnut oil so nearly resembles olive oil in general 
characters that the ordinary physical and chemical tests fail to detect 
its presence. The chief dLifference lies in the iodine values, which 
range as under : — 

Lowest. Highest* 

Arachis oil, . , , 84*6 106 

Olive oil, .... 763 887 (915 1) 

Whilst a high iodine value (say over 85 per cent., which is seldom 
exceeded by genuine olive oil) might therefore be due to the presence 
of arachis oil, a normal value is compatible with the presence of this 
oil in considerable proportion. 

Arachis oil, however, contains from 4*3 to 5*4 per cent, of arachidic 
and lignoceric acids (C i>0 H 40 O 2 and C^H^C^), which, owing to their 
sparing solubility in cold alcohol, can be isolated without much 
difficulty. Olive oil contains not more than traces of these acids. 
Upon this difference in composition, Kenard has based the following 
process for the detection and estimation of arachis oil, which is here 
described with some modifications in detail introduced by Archbutt.* 

10 grnis. of the suspected oil are saponified in a basin, as directed in E I. 
fa, 515), using 8 cc. of 50 per cent, caustic soda solution and 70 cc of alcohol, 
1 down gently to about 20 e.c, rinsed with hot water into a separating 
1, decomposed with hydrochloric acid in excess, and shaken with i 

fhe Catty acids. After distilling off the ether in an 8-oz. wide- 
ik, the fatty acids are dried hy heating the flask on a steam-bath 
sucking out the vapour, and are then dissolved by jiouring 50 cc. of 
rectified alcohol (sp. gr. 0*834) into the hot fiask. 

To tlie solution, which should not be hotter than HOT F +1 and must not be 

allowed to cool below 100 1 F., lest crystals of arachidic and lignoceric acids 

Id separate, 5 cc of a 20 per cent, aqueous solution of lead acetate are 

I, which will precipitate the whole of the arachidic and lignoceric acids 

getter with some palmitate and oleate of lead.t After cooling 

to about t;o F. and allowing to stand for about half-an-hour, the alcoholic 

liquid is decanted through a filter, and the Lead soaps are extracted with 

when shaken in a test-tube with I give 

•,'r only a slight brown; the soluble lead oleate is thus removed. 

It \B best not to attempt to wash with ether more tlian once on the filter, 

but to rinse the soaps back into the flask and digest with ether* then again 

filter, and again rinse back, using the satue filter each time. After doing this 

about four times, all the lead oleate will have been dissolved out Washing 

on the filter takes a much longer time, 

• r, Soc> Chen, lnd, t xvii. (1898), p. 1124, 
t Thil quantity of lead is sufficient for 10 grms. of oil. If morn be added, a 
larger precipitate ib produced, containing more lead oleate, which takes more 
washing out with ether, but no more arachidic and lignoceric acids are obtains! ; 
in fact, if exceaa of lead be used, as recoiiim -me chemists, the qu i: 

of these acids recovered is even leas, probably owing to the solvent action of the 
solution of lead oleate in ether on the other lead soaps, 

S 
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* Analyst, xxiii. (1?9^), p. 273. 

t Tortclli and Kuggeri say 3 hours, bat Archbatt's experiments she* tin* 
1 hour is enough. 

t Ft is a good plan to do this washing with three separate quantities of alcoboi, 
eith«r 10 c.c. or 5 cc. i-ach according to the size of the precipitate, and. after c«v 
lecting the washing each time in a wnall beaker, to pour it back through the filter 
two or thrre times, so as to thoroughly saturate it before adding it to the mam 
filtrate Obviously this must be done at the same constant temperature as that 
at which the crystallisation took place. A paper filter may be used, but a Gwdi 
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washings with 90 per cent, alcohol must be measured. The crystals are then 
washed thoroughly with 70 per cent alcohol (sp. gr. 0*8898) in which arachidic 
and lignoceric acids are quite insoluble. These washings are not measured, 
but the washing is continued until a few cc. of the nitrate remain clear when 
diluted with water in a test-tube, shewing that all soluble fatty acids have 
been washed out. The washed crystals are then dissolved off the niter 
with boiling ether, distilled down in a tared flask and dried in the water- 
oven until constant in weight, for which 1 hour or less usuallt suffices. 
Finally the melting-point is determined by capillary tube, or preferably by 
Bensemann's method (p. 195), and the point of incipient fusion should not be 
lower than 71° C. 

Instead of weighing the crystals at this stage, Tortelli and Ruggeri recom- 
mend re-dissolving them in 50 cc. of 90 per cent, alcohol, recrystallizing for 
1 hour at the same temperature as before, again filtering and washing, first 
with 90 per cent, and then with 70 per cent, alcohol, and then weighing. 
The crystals from pure earthnut oil, when thus purified, melt, by Bensemann's, 
method, at 72-3°-73-3° C* This recrystallization is not, however, necessary,* 
unless the melting-point of the first crop is too low or the quantity of crystals 
large. 

As the arachis acids are slightly soluble in the 90 per cent, alcohol used for 
recrystallization and washing, a correction must be made, which varies accord- 
ing to the weight of mixed acids obtained {Tortelli and Ruggeri). This 
correction is given by the following table : — 



Tablb LXXXVIII. 



Weight of Mixed Acids 

obtained. 

Qrm. 


Correction (grm.) to be added per 100 cc. of 90 per 
cent, alcohol used, at 


li'C. 


17 6° C. 


arc. 


0*9 and upwards. 

08 

0-7 

0-6 

0-5 

0*4 

0-3 

02 

01 and less. 


0*071 
0*070 
0069 
0-067 
0064 
0061 
0055 
0*048 
0033 


0*081 
0*080 
0079 
0077 
0074 
0070 
0064 
0056 
0039 


ooooooooo 



The percentage of arachis acids thus isolated from pure earth- 
nut oil by Renard, De Negri and Fabris, Tortelli and Ruggeri, and 
Archbutt, has varied from 4*28 to 5*40 per cent. ; averaging about 4*8 
per cent. Therefore, the weight of arachis acids obtained, multiplied 
by 21, is approximately equal to the weight of arachis oil in the 
quantity of oil taken for experiment. 

filter used with moderate suction is better, because the crystals can be more 
completely separated from the mother liquor. 

* Tortelli and Ruggeri found the melting-point of the recrystalb'zed acids, 
determined by capillary tube, between 74° and 75*5° G. 
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Tir rrrreitLrSf :f lie ^etLxI his also been proved by Renard, It 
T- 2»rrrl *=.i Fa:rLs. and by Tortell: and Ruggeri. The lat;«.r 
c\fr.isi*. "3"::i.r.r c-n iO jms. of oil ar.1 recrysiaiiirir.g the arachis 
a.:. 1-, : :»y--ri lie : jl'.^wir.g resells : — 

JLn ::- - :1 : ii-r^. wr .^r.:^ . . 60 " 50 40 30 20 K' 5 

JLr*.i-5 :-::^i.V-=r*-t-i . . 60 50 40 31 22 11 6 7 

Krinfr ani Will *yzzL-l in rape oil an acid of high melting-point, 
svirinzly >:l-:le i^. alcohol, which they believed to be behenic acid, 
C . H_ .'- f - P:!^::* subsequently identified this acid as arachidic; but 
; - i-r.-* by •-•» sol ability in alcohol and the melting-point, it is prob- 
aV.y a nixnre of arachidic and lignoceric acids. Archbutt ha? 
i>:LiVei ;hes* acids from 33 out of 51 samples of commercial raj* 
cil azi Lis proved that the quantity present may amount to a.- 
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much as 1 '43 per cent. He has also found the same acid in mustard 
oil.* It appears from these results that the fact of finding arachis 
acids in olive oil is not conclusive proof of the presence of earthnut 
oil, unless rape and mustard oils are proved to be absent by other tests, 
of which the saponification value is the most important. Unless the 
saponification value of a sample of olive oil is below 190, neither rape 
nor mustard oils are likely to be present. 



R.— COLOUR EEA0TI0NS. 

Most of the colour reactions which formed such a prominent 
feature of the older works treating of oil analysis have been shewn to 
be caused not by characteristic constituents of the oils themselves but 
by impurities which are more or less perfectly removed in the pro- 
cesses of refining; and many of these reactions, based upon tests 
made with a limited number of specimens of oil, have been found by 
more extended experience to be valueless. Although the quantitative 
methods developed during recent years have made us much less 
dependent than formerly upon colour tests, the means of identifying 
oils in mixtures are still imperfect, and such colour reactions as are 
undoubtedly produced by natural constituents of particular oils, of 
which there are a few, are valuable. 

I. Reactions of Cottonseed Oil. 

(a) The Nitric Acid Test. — This test is given in the form recom- 
mended by Lewkowitsch.f Oils containing cottonseed oil, when 
shaken, cold, with an equal volume of nitric acid of sp. gr. 1*375, 
develop on standing for a short time a characteristic coffee- brown 
coloration, the intensity of which is in proportion to the amount of 
cottonseed oil present. Stronger acid gives less definite results. 

In applying this test to a sample of oil, the colour obtained should 
be compared with that given under the same conditions by a pure 
sample of the same kind of oil. The test is most useful in the case 
of olive oil which, when pure, is scarcely changed in colour by the 
nitric acid. In consequence of an observation by Holde that refined 
rape oil when shaken with nitric acid of 1*41 sp. gr. also gives a 
brown colour, Lewkowitsch mixed a large number of samples of olive 
oil with varying proportions of cottonseed oil on the one hand and 
rape oil on the other and shook them with nitric acid of 1*375 sp. 
gr. After standing for 24 hours, the two sets shewed striking 
differences of colour ; those containing cottonseed oil were of a pale 
brown colour, whilst those mixed with rape oil became more 
yellowish. Archbutt has been unable to confirm this observation. 
In a similar series of tests he found, with one sample of rape oil, that 
* Jour. Soc. Chem. Ind., xvii. (1898), p. 1009. 
t Analysis of Oils, etc, p. 381. 
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although no brown colour was developed within 40 minutes whilst the 
mixtures, containing 5 per cent, and upwards of cottonseed oil, all 
gave a distinct brown colour in the same time, on longer standing the 
mixtures containing rape oil also become brown in colour, and before 
the end of 24 hours could not be distinguished in shade from those 
containing cottonseed oil. Another sample of refined (Stettin) rape 
oil, undoubtedly genuine, when mixed in the proportion of 20 per 
cent, with the same sample of olive oil as was used in the above tests, 
gave a brown colour in 40 minutes which could not be distinguished 
from the colour given by 20 per cent, of cottonseed oil. A more 
extended experience has confirmed the fact that many genuine rape 
oils give a brown colour when shaken with nitric acid of 1*375 sp. gr. 

Some genuine lards have been 4 found to give a brown colour with 
nitric acid ; but this should not mislead an experienced analyst, as 
the presence of cottonseed oil ought not to be certified unless it is 
confirmed by quantitative tests, such as the iodine value of the sample. 
The reaction with nitric acid has this advantage over the following, 
silver nitrate, test, that the brown colour is obtained with cotton- 
seed oil which has been heated to 240° C, as well as with oil which 
has not been heated. Lewkowitsch states, however, that some 
American cottonseed oils which he has met with gave such a faint 
coloration with nitric acid that 10 per cent, could not be detected 
in olive oil by this test ; but such oils are rare. 

It may he noted that blown oils, both rape and cotton, even if 
present to the extent of only 10 per cent., give a very intense red- 
brown colour when shaken with nitric acid. 

(!>) The Silver Nitrate Test.— This test, originated by Becchi, 
do] »ends upon the presence in cottonseed oil of a substance which 
km luces silver nitrate. If the oil be saponified and the fatty a«*k 
isolated, they give the same reaction. In Bccchi's test, the oil i> 
heated with a complex reagent containing an alcoholic solution of 
silver nitrate, ether, nitric acid, amyl alcohol, and rape oil; but \i 
is preferable to employ for the test a solution of the fatty acids in 
pure alcohol, as proposed by Milliau, omitting the amyl alcohol 
and rape oil. The following method of procedure is recommended:— 

Approximately f> grins, of the oil are saponified as directed in E I. (p. 215). 
The alcoholic, soap solution, concentrated to alwut 10 or 15 c.«\, is dilutnl 
with hot water, rinsed into a separating funnel, decomposed with ex<vs*<»f 
dilute sulphuric acid, and shaken with alnmt 70 c.c. of ether to dissolve thr 
fatty acids. After drawing off the aqueous liquid, the ethereal solution i.< 
washed 4 or T> times with small quantities of cold water and ]>oiired inu>a 
tlask. The ether is then distilled oil", and the flask containing the fatty acute 
is heated on a steam-hath for a few minutes to evaporate the remaining tract* 
of ether and water. 

The fatty acids thus, ohtained are immediately dissolved by pouring 20 c.c. 
of ahsnlule alcohol into the flask, and the solution is poured intoadry test-tul«e 
measuring 8 inches x 1 inch. The contents of the test-tute are raised to lvfl- 
hiii l»y cautiously heating over a small Bunsen flame, and then, whilst holding 
tlw Ust-tuhu over a white tile, 2 c.c. of a 30 ]>er cent, aqueous solution of 
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silver nitrate are added from a pipette. In the presence of 5 per cent, of 
cottonseed oil, a characteristic brown turbidity is produced almost immedi- 
ately. The reaction is more rapid and intense the greater the proportion of 
cottonseed oil present If there be no immediate reduction, the solution is 
kept under observation for a minute or two at boiling-point, by moving the 
tube to and fro from the tile to the flame, and if only 2 per cent, of cotton- 
seed oil be present a distinct reaction, though more slowly developed, will 
be obtained. 

This reaction has been examined by a large number of chemists 
and found to be quite characteristic of cottonseed oil. Archbutt has 
applied the test to a large number of olive oils and tallows without ever 
observing the slightest reduction of the silver by samples known to be 
genuine, or which were proved to be so by quantitative tests. Some 
genuine rape oils appear to reduce the silver very slightly, but the 
reaction takes place slowly, and the colour produced is blackish, whilst 
with cottonseed oil it is brown. Possibly in these cases the precipi- 
tate is sulphide of silver, due to sulphur in the rape oil. In testing 
fats which have been exposed to the air, or have become rancid, it 
must be remembered that aldehydic bodies formed by oxidation may 
reduce the silver solution. Thus Bevan* found that lard which had 
been exposed to the air for some days gave Becchi's reaction, whilst 
some of the same lard taken from the interior of the mass had no 
reducing property. Hehnerf states that genuine butter made from 
the milk of cows fed largely on cottonseed cake frequently gives the 
reaction of cottonseed oil. J 

Since it is not known whether all samples of cottonseed oil reduce 
silver nitrate to the same extent, it is not safe to draw quantitative 
conclusions from this test ; but an estimate of the proportion of 
cottonseed oil based upon the result of the colour test generally agrees 
fairly well with that calculated from the quantitative results. 

Allen, Wiley, Rowland Williams, Stock and others have obtained 
good results by the Milliau Test. Lewkowitsch has found the results 
to be erratic, and prefers Becchi's original method. This different 
experience may be due to the fact that the fatty acids if kept heated 
even to 100° C, and especially if washed with boiling water, gradually 
lose their reducing property. 

Thus the fatty acids obtained from a mixture of rape oil with 5 per cent. 
of cottonseed oil, which reduced silver nitrate immediately when first tested, 
completely lost the property by heating in the water-oven for 1 hour. 50 
grms. of pure cottonseed oil were saponified and the fatty acids were obtained. 
After transferring 5 c.c. to a test-tube, the remainder of the acids were placed 
in the water-oven in a wide beaker, and at intervals of 1 hour 5 c.c. were 
taken out and transferred to tubes. The different quantities were then 
tested together and the amount of reduction compared. The fatty acids 
which had not been heated reduced the silver very strongly, the remaining 

• Analyst, xix. (1894), p. 88. 
f Ibid., p. 89. 

% Confirmed later by experiments made on behalf of the Board of Agriculture. 
See Analyst, xxiii. (1898), p. 255. 
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quantities had a reducing power which diminished progressively according 
to the length of time they had been heated, and after heating for 9 houra it 
was estimated that about 95 per cent, of the reducing action had been 
lost. 

A more rapid loss of the reducing property occurred when the fatty adds 
were repeatedly boiled with water. Thus, some fatty acids from pare 
cottonseed oil which reduced silver very strongly were boiled with water 
for 1 hour in a basin ; the reducing property, though still strongly marked, 
had decidedly diminished. The same fatty acids were then boiled four times 
successively, for only one or two minutes each time, with fresh quantities 
of water, when they were found to have lost from 86 to 90 per cent, of their 
original reducing power. 

From these results it is evident that if the fatty acids for the 
Milliau test are prepared in the ordinary way, viz., by acidifying 
the hot soap solution in a basin, heating until the fatty acids are 
clear, washing with hot water and drying in the water-oven, erratic 
results may be expected. But by separating the fatty acids with 
ether in the manner described on p. 278, and by avoiding more than 
10-15 minutes' heating to expel the ether, the results are perfectly 
reliable. 

Cottonseed oil which has been heated to 240° C. no longer responds 
to either Becchi's or Milliau's tests. 

(c) Halphen's Eeaction *— Oils containing cottonseed oil, if heated 
with carbon disulphide, free sulphur, and amyl alcohol, develop a 
characteristic rose-red coloration, the depth of which is in proportion 
to the amount of cottonseed oil present. The relative proportions 
of oil and reagents, and the method of heating, may be varied without 
interfering with the test, as is evident from the different directions 
given by di fife rent analysts. The following method will be found 
quite satisfactory : — 

3 c.c. of the oil, 1 c.c. of a 2 per cent solution of sulphur in carbon disul- 
phide, and 1 c.c. of amyl alcohol are mixed in a small test-tube, which is then 
heated hi a hath of boiling water. With as little as 5 per cent, of cottonseed 
oil present, a distinct rose-red coloration is developed in from 15 to 30 
minutes ; the colour is more intense and more rapidly produced the larger 
the proportion of cottonseed oil. Less than 5 per cent, can be detected if 
the heating be continued for 1 hour, and if the colour be then compared 
with that of a pure sample of oil tested at the same time. Archbutt has 
fuund tliid test to be quite trustworthy and very delicate.t 

II. Reaction of Sesame* OiL 

Badouin'8 Reaction. — Sesame* oil contains a substance which pro- 
duces a rose-red coloration when the oil, either pure or in admix- 
ture with other oils, is shaken with a solution of cane sugar in 
hydrochloric acid. 

In making the test, O'l grm. of pure cane sugar is first dissolved in 5 cc of 
cold, strong hydrochloric acid (1'16 sp. gr.), 10 cc. of the oil are then added, the 

* Analyst, xxiii. (1898), p. 181. 

f See also Jour. Soc. Ckem. Ind., zvii. (1898), p. 1075. 
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ihaken for 10 mmutea, and allowed tn stand. If only 2 per 

d which separates will be pink in colour. 

If 5 p' i upwards bepnmst there will ba no need to shake for 10 

* antes, as the emulsion will be observed to become pink while it is being 

Several foreign observers have found that in the case of certain olive 
ils of undoubted purity the acid liquid assumes * after a short time* 
a violet coloration,* Villavecchia and Fabris t further state that 
some genuine Italian olive oils give a red colour similar to that 
produced by sesame oil We have confirmed this latter observation 
in testing a few genuine olive oils, but the pink colour observed by 
us has always been very faint. If, after 10 minutes' shaking, the 
acid which separates is not distinctly pink or red in colour, .sesame 
oil should be assumed to be absent, and no notice should be taken of 
any colour which develops on standing. In any case, error is not 
likely to occur so long as the results of this test are supported by the 
results of the quantitative reactions. Milliau has found that if the 
be applied to the fatty acids instead of to the oil, any poawble 
error is obviated, and this has been confirmed by other chemists,^ 
Th re fore, Milliau 's method should be adopted in any case where 
doubt exists as to the cause of the coloration. Villavecchia and 
Ind this colour reaction to be due to hirfurof, produced by 
the action of hydrochloric acid on sugar, and they have accordingly 
proposed to employ a solution of furfurol instead of cane sugar. As 
rol itself gives a violet coloration with hydrochloric acid, a very 
minute quantity must be used. 

For the test, a 2 per cent, solution of furfurnl in alcohol is prepared. 0*1 

ciim is placed in 1 tribe, 10 <>. q| hydrochloric (116) and 

10 cc of the i»il are added ; the tube u then 1 ea for haJJ 

and allowed n> stand* If even 1 pest cent of sesame oil be prevent, the flu id 

which separates baa a pink coloration, with 5 per cent, a avxtd 

itnmendad, as it is simpler than th. 
ugar, and half a minute's shaking is quite sutficient. 

III. Reactions of Cholesterol and Fhytosterol, 

(a) With Chloroform and Sulphuric Acid (Hesw, Sal fowtft i) m — If 
a few centigrammes of cholesterol be dissolved in 2 cc. of chloroform 
and the solution be shaken with an equal volume of sulphuric acid of 
1*76 sp. gr,, the chloroformic layer at first becomes pink, deepening 
more or less rapidly (according to the quantity of cholesterol present) 
to blood-red, then cherry -red or purple, the latter colour persisting for 
some time and changing to a mahogany tint on prolonged standing. 
If some of the purple solution be poured into a porcelain basin, the 
colour soon fades to a dirty green and ultimately yellow, but the 

* Lewkowitsch, Analysis of Oils, fic. t p. 390, 
f Jour* Aft. Clum. In<L, xii. (1893), p. 67. 
t JM&, oil (2808), p. ^75, 
£ Ibid,, xiv. (1894), p. 69, 
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drawn off with a fine pipette and transferred to another tube, or, preferably, 
the liauid is poured on to a small filter previously moistened with acetic an- 
hydride, when the oil will remain on the filter and a bright filtrate will be 
obtained. To this filtrate one drop of sulphuric acid of sp. gr. 1*53 is added, 
and in the presence of rosin oil an immediate, very fugitive coloration, vary- 
ing from violet-red to cherry-red, is obtained. Pure mineral oil gives a yellow 
or brown colour, which is sometimes so dark as to obscure the rosin oil reaction. 
In such cases, the test may be made more delicate by pouring one drop of 
the acetic anhydride filtrate into another tube before adding sulphuric acid ; 
on diluting this with 1 or 2 c.c. of acetic anhydride and adding one drop of 
sulphuric acid to the diluted liquid, the violet coloration is more plainly 
seen. 6 per cent, of rosin oil may be thus detected. Morawski points out that 
the dark coloration of mineral oil with sulphuric acid is intensified bv the 
application of too much heat in shaking the oil with acetic anhydride, 
and that if the extraction be done cold a paler colour will be obtained 
and the rosin oil reaction will be less obscured. 

Owing to the fact that cholesterol and phytosterol also give a violet colora- 
tion with sulphuric acid in acetic anhydride solution, Storch has stated that 
this test cannot be relied upon for the detection of rosin oil in the presence of 
fatty oils ; but Morawski has found that the test is applicable to most vegetable 
oils, which, when pure, give only green, yellowish, or yellowish-brown colora- 
tions. If, therefore, the presence of rosin oil in a fixed oil be suspected, the 
coloration obtained should be compared with that yielded under similar 
conditions by a pure sample of the same fixed oil. In the case of oils such as 
shark-liver and others which, owing to the presence of cholesterol, do interfere 
with the test, Lewkowitech suggests that the oil should be saponified, and after 
extraction of the unsaponifiable matter (including cholesterol) with ether, the 
fatty acids liberated from the soap solution should then be tested for resin 
acids, which always accompany rosin oil. If the sample imder test contains 
added rosin or rosin soap, this device of course fails ; rosin oil must then be 
searched for in the unsaponifiable matter by other tests. 

(b) Holde's Test. — According to Holde,* if 5 c.c. of oil be 
vigorously shaken in the cold with 5 c.c. of sulphuric acid (1*60 sp. 
gr.) the acid layer which separates assumes a distinct red colour in 
the presence of rosin oil. The vegetable and animal oils and most 
mineral lubricating oils impart only a faintly yellow to yellowish- 
brown or grass-green colour to the acid. Various kinds of fish oil, 
imperfectly refined mineral oils, also tar oil, cause a dirty brown-red 
coloration of the acid ; and, in such cases, the detection of rosin oil 
by means of this reaction is only made possible by extracting it with 
90 per cent, alcohol and mixing the alcoholic extract in a test-tube 
with a small quantity of sulphuric acid of T53 sp. gr., which is 
allowed So flow down the side of the tube. 

Holde states that 1 per cent, of rosin oil can be detected by 
this reaction, but our experience is that the tesb is decidedly 
leas delicate than the Liebermann-Storch reaction. Pure rosin oil 
certainly gives a very characteristic bright red colour, which dis- 
tinguishes it at once from pure mineral oil, but comparative experi- 
ments with pure mineral oil and mixtures of the same with rosin 
oil in different proportions shewed that the mixture containing 5 per 

* Die Untenuehung der Schmiermittel, p. 115. 
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and if the liquid be h«u*d (^j7- by adding several crzne i *» 
ad in testing for cholesterol \ i2*e colour changes to brovx x y&d*- 



Ti> i/f'/ci-r rottn in an ciJL /.i?„ .v emu* by means of this n 
stance should first 1* sa:vh:St\1 .ind the soap solution shak^L y^si **£* 
remove. unaa]x)nirial>le matters* esjvcially rosin oil and choleaeri r^ icj 
acids are then obtained from the s*v»j> solution and a siiiall pwri '£■ s 3 -£|* 
in acetic, anhydride in the o*ld. or at a very gentle heat. Thr ».-:r^Ti ^ -* 
Ihvii made quite cold, sulphuric acid of sp. gr. 1*53 isallowr". :■' -i* -^ 
the side of the tube, and in the presence of resin aei'ls a cx.r-j-' £ ~- ^ 
from viulet to violet-red is produced where the linuids xuix. IcT*-*"-"- 
recommends this test us thoruuglily trustworthy in all case*. 



^.-DETECTION AND ESTIMATION OF ROSIN OH B 
MINEBAL OIL. 

,.; The Liebermann-Storch Colour Test (See p. 2S2.> 
. The Acetone Test. — According to Dem.ski and >!:■:!▼=£■* 
^.v.'.: .**.'.? nix with acetone in nearly all proportions, wh:I?« =^r*"*- 
.• x svu.^ several times their volume of acetone to ene:; c:::*-* : - 
* k ;:.,v"'. *f. Therefore, an unsaponifiable oil gives a cleir *>.-££ 
* * kv .v ■■;*! v/.\::ue of acetone, it is either a pure rorlr. :il " ' 
^i \ ..>* .»■ ".:."< wi:h very little mineral oil; if an in*:-Iu:-I* res--* 
>.!».•. :^ :i A"-*w5* of cieral oil. "Wiederhold, J who Las F* 1 ?-"*? 
jv. ^.-^ **:. >iii<^ ^-a: ?he acetone must be dry and fr*e fr:^ k:- 
S. .!.w i-v vrwfccsoe .*f Aliehyde is of no importance. TLe iif^--'* 



w ** - v.«. .t»r. >*'. :V»- SmL t ix. ,:?3-:;. p. 419, asi Gr.zsx i: '-> 
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between the solubility of rosin oil in moist and in dry acetone is very 
tderable, Rosin oil will dissolve in half its volume of dry acetone 
at 15' C. 

Finkener's Test. — Finkener * has proposed the use of a solvent 
ipared by mixing, at 15*5° C, 10 volumea of alcohol of sp. gr. 
, 8182 with 1 volume of chloroform. Rosin oil dissolves in from 10 
to 12 volumes of this mixture at 23° C, whilst mineral oils are not 
completely soluble even in 100 volumes. Occasionally rosin oil is 
met with which, when dissolved in 10 volumes of the mixture and 
allowed to stand for several hours at 23* C, deposits an oily sedi- 
ment amounting to from 3 to 7 per cent, of the rosin oil taken, but 
\l\ volumes of the mixture be used instead of 10 volumes, any 
luble residue then obtained may be assumed to be mineral oil. 
iederholdt considers that the necessity of working at 23* C. renders 
above teat impracticable, and be states that if 16 volumes of the 
ihiorofonnic alcohol be used the test may be made at a temperature 
C. 

Pol&rimetric Test. — According to Valenta, most rosin oils 
are strongly dextrorotatory, the rotation varying from 30° to 40" 
in a 100 mm. tube, Deniski and Morawski observed a rotation of 
about 50°. Tlie rotation of seven samples examined by Pelgry at the 
iburg Yersuchsanstalt varied from 32* to 42*4 On the other 
hand, pure mineral oils are, as a rule, optically inactive, one sample 
only having been found to give a rotation of 4- 1*2\ Dark coloured 
oils must Vic decolorized by filtration through animal charcoal. 

Estimation of Rosin Oil by Storch's Method. g — According 
in oil mixes with absolute alcohol in all proportions, 
but the presence of a comparatively small proportion of water greatly 
*'3 the solubility. Thus, 96 per cent alccnV a from 1 1'3 to 

16*2 per cent of rosin oil, whilst 'JO per cent, alcohol dissolves only from 
2 '6 to 4*0 per cent. Mineral oil, on the other hand, is much less 
soluble than rosin oil. Upon this difference of solubility, B torch has 
based the following method for the estimation of rosin oil when 
ed with mineral oil: — 

10 gram of the mineral oil, which has Wn proved by f ng teste to 

contain rosin oil, and which must be quite free tram fatty oil**, are gently 

warmed with - r >0 grma of 96 pa bol (&j>, pi, 0*8123), then well shaken 

aiid-ilW>-< vom oil, erven a DO per cent be present, will 

lolved in the alcohol, together with some of the mine ml oil. The 

on having been carefully drawn ufF with a line pipette and 

to b small Ertenmeyer flask about seven cm, high, ft (only) 

of the andiflaolved mineral oil is rinsed with a few c.c, of 90 pot cent, alcohol, 

which is also transferred to the flask. The Litter is then plaoed oo a v 

bath, aur rounded by a bottomless beaker, and the akuhol it! gently Iwil 

ung fhr SchmitrmitUl t p. 116. 
+ Ana'y$t % xriiL (1892), p. 207. 
1 HoUie, l> tungder Schmitrmtttd, p. 118, 

\Jour. Sac. Okm, Ind., vli. (1888), p, 136 ; Analyst, riiL (1883), p, 71. 
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T.— ESTIMATION OF PARAFFIN IN UNEBAL OILS. 

The following method * is due to Holde (after Engler and Bohm). 
It will seldom be required, but may occasionally be found useful. 

10 to 20 c.c of oils poor in paraffin (Russian distillates, etc., setting below 
— 5° C.)i or 5 grms. of such as are rich in that constituent (American, Scotch, 
or Galician oils setting at or above 0° C), are treated, at the ordinary tempera- 
ture, with a mixture of 98*5 per cent, alcohol and anhydrous ether (1:1) 
until a clear solution is obtained. The liquid is cooled in a freezing mixture 
of ice and salt to about- 20° to - 21° C, when more alcohol-ether is gradually 
added, with thorough agitation, until no oil drops, but only solid paraffin 
flakes or crystals, remain in suspension, and then, while still cooled to at 
least - 19° to - 21° C, the liquid is poured 
on to a chilled 9 cm. filter paper, previously 
moistened with the alcohol-ether mixture, 
which is contained in the apparatus shewn 
in fig. 72. The precipitate is washed with 
cold ( - 19° to - 21° C.) alcohol-ether (1:1; 
or for soft paraffin 2:1) at a tempera- 
ture as much below - 15° C. as possible. 
In the case of soft paraffin, the tempera- 
ture should average -18° to -19° at the 
highest. In washing the precipitate it is 
repeatedly stirred up, and as soon as 
6-10 c.c of the filtrate leaves on evapora- 
tion only a trace of fatty or paraffin-like 
residue, solid and not oily at tne ordinary 
temperature, the washing is discontinued. 
If any doubt exists as to the paraffin being 
thoroughly freed from oil, or if the washing 
takes too long, the filter should be removea 
to another funnel, and the contents dissolved 
into a small flask with the least possible 
Quantity of benzine. After evaporation of 
toe benzine, the paraffin is redissolved in 4 
to 5 cc. of warm ether, which is then mixed 
with twice its volume of absolute alcohol, 
vigorously stirred, and cooled to - 18° to 
-20° to reprecipitate the paraffin, which 
is again filtered and washed, as already 
described, until free from oil. This repre- 
cipitation is necessary for oils containing 
much soft paraffin, otherwise so much 
liquid is used in washing the precipitate 
that an appreciable quantity of paraffin is 
dissolved. The purified paraffin is finally 

dissolved into a tared flask with hot benzine or ether, which is distilled off, 
and the residue is heated on the steam-bath until the smell of benzine or 
ether has disappeared. The flask is then heated inside the water-oven for 
i hour and weighed when cold. Prolonged heating causes loss of paraffin. 
The whole operation occupies from 1 to 2 hours. Duplicate results with the 

* Jour. Soc. Chcm. Ind. t xvi. (1897), p. 362. 




Fig. 72.— Estimation of 
Paraffin. 
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tsuia- sair.pi** vrr**: *:i^ "-£3 r«rr .rent, for hard paraffin and 0*33 pw cast 
tor *i-tr jgiritfn. >■ sizirlc* ■:■£ Radian machine oil yielded 0-1U pa 
nT.:. :m<i «>"3»j ;«-r ■>:.:. r ian"£n rv«p*ctively. An American spindle oil, 
fluid 1-uT ;hi. k* it -i" L'/md which set at"(J* C, was found to conliin 
411 jn;r ixn:. ■.; :.iri±z. 



U.— ASPHALT AND RESIN IN MJNE&AL OILS. 

Such slight tendency to * gran ' and form sticky or resinous deposit* 
as is assessed by pure mineral lubricating oils is attributed by Holde* 
to the presence of d delved substances of a resinous, asphaltic, or 
pitchy nature, which gradually accumulate in and tliicken the oil 
film whenever the conditions of working are such that evaporation of 
the iluid constituents of the oil can take place. These substances 
are composed chiefly of carbon and hydrogen, with small quantities 
of oxygen and sulphur, and are regarded by Engler as oxidation 
products. They occur chiefly in the dark-coloured ' reduced ' oils ; 
in the processes of distillation and refining to which the pale oils are 
subjected they are for the most part eliminated. Uolde divides them 
into three classes : — 

1. Resins, soluble in 70 per cent. Alcohol. — These substances, 
which are obtained by shaking the oil with 70 per cent, alcohol and 
evaporating the solution, resemble colophony in appearance; but 
instead of giving a violet colour in Morawaki's test with acetic an- 
hydride and sulphuric acid (p. m 2>\). a yellowish-brown or dirty -brown 
colour is produced. Some have acid characters and soap-forming pro- 
perties ; others are neutral. According to Uolde. badly refined mineral 
oils may contain as much as 3\> percent, of these resins ; but, as a rule, 
the proportion does not exceed 0*0 per cent, in pale oils and 1 per 
»vr.t. ::; dark oils. Some of these resins are soluble in petroleum spirit, 
others at* ;::so , .v.V!i\ but they ail dissolve completely in alcohol-ether 

*: Asphalt, insoluble in Petroleum Spirit.— Fender * fo-jed that 
, : . ■.-\ .'.* .".:r;"-.l v.'"." ■- "a", oils, when dissolved ::; pe:ro"eum spirit and 
a ,-^.v. to >:.■.*/.. i "tvs : : a >v.Vs:ar.:e whi«.h. when col le-. ted, washed, 
t- .■ : .- .v.. "> a ?' • ■ : v-*.;-:r rx'setnVltr;: .Iirk rr-;wn c:.il i_\ *:■■ ear.ir.ee. 
" -N- ; ^ >' **">' V.:..*.v. :-.:v.s ftne'.L. at.i rum:::.: w : .:>. j, s~:ky "t-iiM. 
■■" < 4-.".>;a-,v .: vv'.v:s :as : .*.y tn S:r.::n-r\ i:. : :s :: the i.at-re of 
«.. .. * V..* ;.■ ■* ■ : .s *' a; tr.r* Am:.:-:: :i isyl.il: ;>._> .-rtifne-i from 

x ... ■ <■ <•■! \ r^"irr:>3 *:.'- *■:■.".■: :: '.:-* ';-::..: j r ; int : 

x -- • - t ■■; v ■•■; .*t" >v.t -*- : - "»:..:-. ii:'-.i ":e lirjr : a»I 
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with asphalt), at first dissolves along with the oil in the petroleum 
spirit ; only on standing does it separate out, and the less there is in 
the oil the longer it takes to precipitate. Holde states that, except as 
a colouring agent, the influence of this asphalt at ordinary tempera- 
tures is small ; but when the oil is used at temperatures and under 
conditions in which the fluid hydrocarbons can evaporate, the asphalt 
and resins accumulating in the film cause it to become thick and 
sticky, and ultimately dry and resinous. The largest amount of 
asphalt, amounting to 5 or 6 per cent., is found in German (Alsatian 
and Hanoverian) oils ; the smallest quantity is met with in American 
and Russian oils. 

3. Asphalt-Pitch insoluble in Alcohol-Ether (4:3).— By dissolv- 
ing dark mineral oils in a mixture of alcohol and ether, Holde has 
obtained as an insoluble residue this substance, which includes the 
asphalt precipitated by petroleum spirit, but is much more fusible, 
resembling soft pitch. The amount obtained from a given oil in- 
creases with the proportion of alcohol in the solvent. With the 4:3 
mixture, the amount of asphalt-pitch obtained from Russian oil ranged 
from 0*16 per cent, in a distilled machinery oil to 5*7 per cent, in a 
railway oil ; a thick lubricating oil from Oelheim gave 11*1 per cent., 
and a very thick crude petroleum from Wietze gave 15*4 per cent. 

For the detection and estimation of these substances, Holde pro- 
ceeds as follows : — 

(a) Estimation of Resin soluble in 70 per cent. Alcohol. — 8-10 c.c. of the oil 
are well shaken in a test-tul* with an equal volume of 70 per cent, alcohol 
(sp. gr. 0'8898), the mixture being heated. It is then made quite cold. After 
complete separation has taken place the alcoholic liquid is drawn off, without 
loss, and evaporated to dryness in a tared beaker containing a glass rod. 
When perfectly dry and cold the consistency of the residue is ascertained by 
feeling it with the glass rod, and if sufficient in amount to be worth weighing, 
it is weighed. The quantity of natural resin thus obtained from a pale 
mineral oil should not, says Holde, exceed 0*3 per cent., and from a dark oil 
1*0 per cent. If a quantity notably in excess of these Vkj obtained, the treat- 
ment with 70 per cent, alcohol should be repeated until the whole of the resin 
lias been extracted, and after weighing the residue it should Ikj tested by the 
Liebermann-Moraw8ki reaction in order to ascertain whether colophony has 
been added to the oil. The addition of colophony would, however, raise the 
acidity of the oil, 1 per cent of acidity as oleic acicl being equivalent to about 
1*24 per cent of colophony. If, therefore, the acidity of a mineral oil (deter- 
mined as described on p. 207) be less than O'l per cent., not more than 01 2 
per cent, of colophonv can be present. 

(6) Detection and Estimation of Asphalt. — About 05 c.c. of the oil is sliaken 
in a test-tube or small flask with 40-50 c.c. of petroleum spirit boiling below 
35° C, and allowed to stand. In the presence of asphalt, dark insoluble flakes 
appear, either immediately or within 24 hours, whicli, when collected on a 
niter, resemble asphalt in appearance and, whilst freshly precipitated, dissolve 
completely in coal-tar benzene. 

To estimate the amount, from 1*5 to 3 grms. of an oil rich in asplialt, or 
from 5 to 20 grms. of an oil poor in asphalt, are dissolved in from 300 to 500 
cc. of petroleum spirit and allowed to stand for at least 24 hours, when the 
greater part of the precipitate will have settled. The clear liquid is then 
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W.— DETECTION OP SOAP AND INORGANIC SUB- 
STANCES IN MINERAL OILS AND GREASES. 

For the detection of soap in lubricants, about 0*5 c.c. of the 
sample is shaken with 5-10 c.c. of petroleum spirit (redistilled below 
75° C), until dissolved or thoroughly disintegrated. Two cases 
then present themselves: — 

(o) A clear solution is obtained. — Add 1 c.c. of Schweitzer and Lungwitz's 
reagent (a saturated solution of metaphosphoric acid in absolute alcohol, 
made by shaking excess of the powdered acid with alcohol in a stoppered 
bottle).* If soap be present, even in traces, a flocculent precipitate will be 
produced. 

This test was specially devised for the detection of the small quantities of 
aluminium soap (* viscom,' * gelatin ') which are sometimes added to mineral 
oils to produce a factitious viscosity. The reaction depends upon the fact that 
whilst tree metaphosphoric acid is soluble in alcohol and in ether, aluminium 
metaphosphate and the metaphosphates of the alkalies and alkaline earths 
are insoluble. The authors of the test have proved by experiments with 
a large number of fixed oils and fats, mineral oils, rosin oil, vaseline, etc., 
that if no soap be present no precipitate is obtained in 24 hours. Some 
waxes, however, also ozokerit, are precipitated from their solutions in petro- 
leum spirit by absolute alcohol ; therefore, if pure absolute alcohol (free from 
phosphoric acid) be found to give a precipitate, the test must be repeated, 
using ordinary ether as the solvent and a solution of metaphosphoric acid in 
ether as the reagent. 

(0) An insoluble residue remains. — Dissolve, if necessary, a larger quantity 
of the substance in more petroleum spirit, filter through a small filter paper, 
and wash with petroleum spirit until all soluble oily matter is removed. 
Then drive off the petroleum spirit by evaporation, transfer some of the dry 
residue to a small test tube, ana heat it with dilute hydrochloric acid. Soap, 
if present, will be decomposed, and the fatty acids set free will be seen 
floating on the liquid, either while hot or after cooling. If the result be 
uncertain, shake tne cold liquid with a little ether, draw off the ether with 
a pipette, and evaporate it in a watch glass to detect the fatty acid, which 
wul crystallize on solidification. Resin would be recognized by its 
physical characters. The base of the soap, whether aluminium, calcium, 
sodium, lead, etc., may be detected by pouring the acid solution through a 
wet filter and applying the usual tests. 

Another portion of the residue insoluble in petroleum spirit may be burnt 
in a small platinum dish or porcelain crucible. If no ash remain, the 
Insoluble matter was free from soap. If soap be present, an ash consisting 
of the carbonate or oxide of the metallic base will be obtained. 

The residue insoluble in petroleum spirit may contain, besides soap, other 
substances, such as graphite, soapstone, chalk, lime, barvtes, starch, etc. 

Graphite would be recognized by its blackness and lustre. It would be 
difficult to burn, requiring a high temperature or a stream of oxygen. Soap- 
stone and barytes would not dissolve in dilute hydrochloric acid, and could 
be filtered off and identified by the usual qualitative tests. Free lime would 
give a red colour with phenolphthalein ; chalk would not, but would 
effervesce on adding acid. Starch would be detected by the blue colour 
with iodine. 

*Jour. Soc. Chem, Ltd., xiii. (1891), p. 1178. 
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X— DETERMINATION OF ASH. 

The ash of any oil or fat free from water may be determined by 
weighing 10 grms. in a tared platinum dish, placing the dish at the 
mouth of a Fletcher's gas muflSe heated to dull redness, and, as soon 
as the oil begins to smoke, igniting it with a match. The dish is 
then placed in such a position that the oil will burn quietly away, 
most of the smoke being drawn into the muffle (which is perforated 
at the back). When nothing but a charred mass remains, the dish 
is placed inside the muffle until the carbon is completely burnt off, 
then carefully removed to a desiccator to cool, and weighed. The 
particles of ash are often very light, and may easily be carried away 
by currents of air. 

In -22 samples of pure mineral oil examined by Archbutt, mostly 
dark-coloured machinery oils for railway work, the percentages of a>h 
were : — maxi-mum, 0*0">5 ; minimum, 002 ; average, 0*015. In 30 
samples of dark cylinder oil, the following percentages were found :— 
maximum, 0*080 ; minimum, 0*002 ; average, 0*025. These ashis 
were generally red in colour, and probably consisted largely of oxid»» 
of iron from the still. Pale, refined, mineral oils may be expected 
to leave much less ash than the majority of these samples. If a hiph 
ash he found in a pale mineral oil, an aluminium soap ('viscoiV 
'gelatin') may have been added to produce a factitious viscosity; in 
that case the ash will consist chiefly of alumina. 

Pure fatty oils and fats leave mere traces of ash, bone fat, which 
contains lime, being an exception. 

Soap-thickened greases which contain water, should first be heat^l 
over a very small flame and stirred with a platinum rod until all tin- 
water has evaporated. The dish, and the rod which should hove 
been weighed with it, are then placed in the mouth of the muffle and 
treated as above directed. In the presence of soap, more or less con- 
siderable quantities of ash will be obtained, consisting of calcium or 
sodium carbonates, etc., etc., according to the nature of the soap. 

Y.— DETECTION OF NITROBENZENE AND NITE0- 
NAPHTHALENE. 

These compounds are used for the purpose of disguising the 
presence of mineral oils, by destroying their fluorescence or • bloom.' 
Nitrobenzene is easily recognizable by its powerful and characteristic 
odour of oil of bitter almonds, but nitronaphthalene cannot to 
detected by its smell Greases are frequently scented with nitro- 
benzene to disguise the nature of the fat or oil used in their prepara- 
tion. For the detection of nitronaphthalene, the following test, 
depending upon its reduction to naphthylamine, has been proposed 
by Leonard* and by Holde.f 

# Chem. News, Ixviii. (1893), p. 297. 

t Jour. Soc. Chtm. Ind. % xiii. (18«4), p. 906. 
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A few cubic centimetres of the oil are warmed in an Erlenmeyer flask 
with zinc dust and dilute hydrochloric acid, and the mixture is frequently 
agitated. During this process, the faecal odour characteristic of a-naphthyl- 
amine will be perceived. After the reduction is complete, the contents of 
the flask are poured into a separating funnel, and the acid liquid is drawn 
off through a filter paper into another separating funnel. It is there treated 
with sufficient caustic soda solution to redissolve the zinc hydrate at first 
precipitated and, after cooling, is shaken with ether, which dissolves the 
liberated o-naphthylamine, the presence of which is indicated by the violet 
colour and fluorescence of the ethereal solution. The latter, after drawing 
off the aqueous liquid and washing with water, is evaporated to dryness, 
leaving a residue of the violet-coloured base. On treating this residue with 
a few drops of hydrochloric acid, the chloride is formed, which remains 
partly insoluble and partly soluble, but, on evaporating the excess of acid 
and adding water, a clear aqueous solution is obtained, in which ferric 
chloride gives an azure blue precipitate. When filtered, this precipitate 
becomes purple-red, and the nitrate blue-violet. Instead of treating the 
residue with hydrochloric acid and testing with ferric chloride, it may l)e 
dissolved in a little alcohol. On then adding a drop of a solution of sodium 
nitrite acidified with acetic acid, a yellow colour is produced, which is 
changed to crimson by hydrochloric acid. 

Nitrobenzene, if present, is reduced by the zinc dust and hydrochloric acid 
to aniline, which is obtained on evaporating the ethereal solution as descrilxxl 
above, either pure or mixed with o-naphthylamine, according to whether 
nitronaphthalene were simultaneously present or not. On treatment with 
hydrochloric acid, pure aniline dissolves readily, and on diluting and adding 
ferric chloride a green precipitate is produced, which afterwards turns deep 
blue, and does not become purple-red even on long standing ; the filtrate, 
instead of being blue-violet, is yellow. When o-naphthylamine and aniline 
are present together, the precipitate is at first azure blue, afterwards dirty 
red-Drown, and finally purple-red, and the filtrate is violet. 



Z.— DETECTION AND ESTIMATION OF WATER. 

The presence of water in pale oils is indicated by the appear- 
ance of turbidity, or by actual visible drops of water which sink in 
the oil instead of rising as air-bubbles do. Water in greases is 
indicated by the frothing and crackling which occurs when a small 
quantity of the grease is heated in a dry test-tube, and by the con- 
densation of drops of water on the upper, cool part of the tube ; 
whilst the grease, if free from water, will melt quietly to a clear fluid. 
A more delicate test for the presence of traces of water in oils 
(especially dark oils) is recommended by Holde. A small quantity 
(3 or 4 c.c.) of the oil is placed in a small dry test-tube, the interior 
of which is first coated all over with a film of the oil. The end of 
the tube containing the oil is then heated by being immersed just 
below the surface of a paraffin bath at 160°-180° G., when, if the 
sample contains water, the vapour will condense on the cool, oily, 
inner surface of the tube, above the level of the oil, forming a visible, 
cloudy emulsion. 
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af vastr im l a toliaUag gnuH may be made by one of 



tbe f-.iTowiag method* :— 

1. By JUifuw in an aMaA a* 105"-110* C— About 5-10 grms. of the 
wYl!-mix*2 .crease are placed in a small tared beaker, and the exact weight 
v ttkrn. The t**ker » then healed in the air-bath at 105M10 8 C. until 
f r.ciiz^ has c«ai«d and the grease has melted down to a clear oil free from 
t^: : l-t £:< j* of water. It is then cooled and re-weighed. 

2. By jttrruw iritk a tktrmometer over a naked flame. — 100 grma. of the 
grvo.** ir* t«a!«<! in a weighed porcelain basin over a small flame, and con* 
tii.'^iI'T «in*ii with a thermometer at a temperature not exceeding 105° C 
i ±21 tx until frothing has ceased and the grease is in calm fusion. The 
lo*u: asi conSAtu when cold, are re- weighed. If the thermometer bulb is 
w*L drairiei into the losin while hot, the small quantity of adhering fat 
tsy *-* ->-c!*L-sed : or, the bulb may be wiped with a small piece of filter 
\a.i<z *L:i was counterpoised with the basin, 



CHAPTER VIII. 

THE SYSTEMATIC TESTING OF LUBRICANTS BY PHYSICAL 
AND CHEMICAL METHODS. 

The analytical examination of lubricants is conducted with different 
objects and on different lines according to the nature of the sample 
to be tested. If this be an undescribed oil, the primary object is to 
ascertain whether the substance is a hydrocarbon oil free from fatty 
oil, a fixed oil or fat free from hydrocarbon oil, or a mixture. An 
undescribed hydrocarbon oil may be a mineral oil from petroleum or 
shale, a rosin oil, a coal-tar oil, or a mixture of these. A mineral oil 
is subjected chiefly to physical tests to ascertain its viscosity, flashing- 
point, etc., in order to determine whether it is suitable for use as a 
spindle oil, a machine or engine oil, or a cylinder oil ; and to such 
chemical tests, in addition, as will shew whether the oil has been 
sufficiently refined, and is free from acidity and from rosin and coal- 
tar oils. A fixed oil, such as rape oil, olive oil or tallow, is tested 
first of all to ascertain whether it is sufficiently free from acidity 
(see p. 208), and then more elaborately to prove whether the 
sample is genuine or adulterated, and especially whether any oil of 
drying or semi-drying character has been added which would tend to 
increase the natural tendency of the oil to thicken or gum by 
oxidation. A mixed lubricant (which includes most greases) con- 
taining both hydrocarbon oil and fixed oil, in addition perhaps to soap, 
water, etc., is first tested qualitatively to find out the nature of the main 
ingredients, and then a more or less complete quantitative analysis is 
made with the object of ascertaining the composition of the mixture. 
The information thus obtained may be supplemented by viscosity and 
other tests, as in the case of a pure mineral oil. 

A.— TJNDESCBIBED OILS. 

The nature of an undescribed lubricating oil, if simple and not a 
mixture, is almost always indicated by the smell, taste, or appearance 
(colour, fluorescence, consistency, etc.). How much can be determined 
in this way in the case of a mixed oil depends upon the experience 
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For the sake of uniformity, the colour and appearance should be 
observed under standard conditions, e.g., in a J-inch (Lovibond) glass 
cell with parallel flat sides, held first between the eye and a window 
(appearance by transmitted light) and then with the observer's back 
to the window (appearance by reflected light). Fluorescence may be 
observed by looking down into the cell held below the edge of a table 
or bench fronting a window. Redwood examines pale-coloured oils 
by means of Lovibond's tintometer, using a 2-inch cell and matching 
the colour by means of coloured glasses.* For a description of 
Lovibond's tintometer, see Jour. Soc. CJiem. Ind., ix. (1890), p. 10. 

Mineral lubricating oils should not have any empyreumatic odour. 

Specific Gravity. — This is determined by one of the methods 
described in Chapter VI. section B (p. 164), and little need be added 
to what has there been said. The bottle method is most suitable for 
the thicker oils, but the Westphal balance may be used for spindle oils 
and the lighter machine oils. The specific gravity is of little import- 
ance in regard to the lubricating value of an oil, but it serves to 
identify the particular oil required, and in some measure to detect 
the presence of rosin and tar oils. The specific gravities of mineral 
lubricating oils are given in the table on p. 177. 

Viscosity. — This is the most important property of a mineral oil 
which can be measured in the laboratory. The knowledge of it 
determines whether an oil is suitable for use as a spindle oil, an axle 
oil, a machine or engine oil, or a cylinder oil. The determination is 
usually made at two temperatures, viz., at 60° or 70° F. if the oil be 
fluid at those temperatures, and, in the case of spindle and machine 
oils, also at 100° or 140° F. In order to ascertain the extent to 
which the viscosity is affected by rise of temperature, cylinder oils 
are conveniently tested at 100° and 212° F. ; there is not much to 
be gained by going higher, though in Redwood's viscometer a deter- 
mination can be made at as high a temperature as 400° F. The 
determination should be made either by Redwood's viscometer (p. 138) 
or by Coleman's (p. 140) ; the latter is most convenient for tempera- 
tures up to 212° F. All results should be expressed, if possible, in 
absolute measure (p. 147) as well as in terms of rape or other known 
oil. The viscosity of a number of oils, in dynes per sq. cm., are given in 
the table on p. 159. Table XC. (p. 298) will enable an oil to be 
roughly classified. 

Flashing-Point and Volatility. — The flashing-point, determined 
by the Pensky or Gray testers (pp. 178-182), should not be lower than 
300° F. for out-door machinery and 340° F. for mill work. Cylinder oils 
should flash at temperatures well above that of the cylinder in which 
they are intended to be used, say at from 450° F. to 600° F. All 
cylinder oils should be tested for volatility by Archbutt's method 
(p. 183) and should not lose more than 1 per cent, in 1 hour at the 
mean cylinder temperature. Machine oils flashing below 300° F. 
should also be tested for volatility at 100° F. and 200° F., the test 
* Fetooleum, vol. ii. p. 596. 
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should obviously be as much as possible below the temperature at 
-which the oil is to be applied. The test is, of course, most important 
in the case of oils for out-door machinery, such as railroad oils. For 
such purposes, summer oil should remain fluid at 32° F., and winter 
oil at 15° F., if possible, but allowance must be made for American 
oils, which will not, as a rule, withstand so low a test. (See table on 
p. 192.) 

General Purity and Freedom from Adulteration. — In addition 
to the foregoing, there are certain tests as to which circumstances 
must decide whether they should be made or not ; these are for the 
detection of impurities, unacknowledged additions, or adulterants. 
The chief of such substances to be looked for in mineral oils are — 

(a) Soap. — Every mineral oil which has a non-homogeneous 
appearance, or an unnatural viscosity, or which exhibits a tendency to 
form threads in dropping should be tested for soap by the methods 
described in Chapter VII. section W (p. 291). If soap be found, its 
nature can be ascertained by the analysis of the ash (see p. 292 ; also 
section E, p. 317). By well shaking some of the soap-thickened 
oil with dilute hydrochloric in a stoppered bottle heated by immersion 
in hot water, then pouring the contents into a separating funnel, drawing 
off the acid, and well washing the oil with hot water, the mineral oil 
can be obtained in its natural state and its true viscosity determined. 

(b) Ash. — Every mineral oil leaves some ash when burnt, but the 
quantity is usually minute (see p. 292). In an oil the origin of 
which is unknown, the amount of ash should always be determined. 
An* abnormally high ash indicates either the presence of soap or im- 
perfect refining. 

(c) Fixed CHI or Fat. — An oil sold as a pure mineral oil and at a 
low price is not likely to contain a fixed oil ; but special brands of 
mineral oil, especially cylinder oil, not unfrequently do contain an 
unacknowledged small quantity of animal or vegetable oil to which 
some good or bad quality, revealed in practice, may be due. There- 
fore, in testing an unknown oil alleged to be purely mineral, it is 
always desirable, sometimes most necessary, to prove the absence of 
fat by careful chemical analysis. For this purpose Ruhemann's test 
may be used (p. 209), but the quantitative method described on p. 224 
is the only absolutely certain test. 

(d) Acidity. — Any refined mineral oil containing more than 0*2 per 
cent, of total acidity calculated as oleic acid should be tested for free 
mineral acid (usually sulphuric). The method id described on p. 208. 
It is seldom necessary to test natural and reduced oils. Abnormally 
high acidity may, of course, be due to the presence of resin acids 
contained in rosin oil added as an adulterant ; therefore, time might 
be saved by testing for rosin oil before testing for mineral acid. 
Resin acids can, if desired, be isolated by the method described 
on p. 227. 

(e) Rosin OH. — The methods of detecting and estimating the pro- 
portion of this adulterant are described at pp. 282-287. 
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(/) Gumming Property. — This is not a property of pure mineral 
oils, as such oils do not gum, at any rate not by oxidation like the 
fixed oils. The remarks under this head on pp. 261-265 should be 
read, where the causes which may lead to the formation of deposits by 
mineral oils are discussed. If there be any reason for investigating 
the tendency to form a gummy or sticky residue which a pure mineral 
oil may appear to exhibit in practice, the 'film-test' described on 
p. 255 may be used. In some cases it may be desirable to make 
such a test upon a surface of steel or other metal, or upon a painted 
surface. 

(f/) Asphalt and Tar. — Little need be added to what has been said 
in Chapter VII. section U (p. 288), except that the special tests for these 
bodies are seldom necessary in the case of Russian and American oils, 
and need only be made if the practical results indicate their presence 
in an objectionable degree. 

(h) Caoutchouc. — According to Archbutt's experience, this is a 
rare admixture. If, however, stickiness or unnatural viscosity of 
a mineral oil be found, notwithstanding the absence of soap, then 
caoutchouc should be searched for. See p. 290. 

(?) Mechanical Impurities. — Grit and dirt in a mineral oil would 
be detected by straining the oil through fine wire gauze or 
muslin. Water is detected by the tests described in section Z 
(p. 293). 



C.— FIXED OILS AND FATS. 

The most important and useful physical and chemical data for the 
recognition of the lubricating oils belonging to this class are included 
in the table on pp. 302-3, and in the following pages hints for the 
examination of each oil are given. 

The first test to make in examining any fixed oil intended for 
lubrication is the determination of acidity. This is especially im- 
portant in the case of olive oil, tallow, palm oil (and coconut oil). 
The two last, as commercially met with, are usually quite unfit for 
lubrication. The more delicate and intricate the machinery the 
greater the need for selecting the least acid oil, and the smaller the 
maximum of acidity permissible; for no machinery should oil be 
used containing more than 4 per cent, of free (oleic) acid. The 
reason for this statement and the methods of determining acidity will 
be found in Chapter VII. section A (p. 201). 

Wool or cloth oils are not here alluded to. They often contain 
very large amounts of free fatty acids; indeed, commercial oleic 
acid is used as a wool oil under the name of ' oleine ' ; such oils 
are quite unsuitable for the lubrication of machinery. According 
to Mackey, free fatty acids in wool oils greatly increase the risk of 
fire (see p. 268). 
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Eape Oil 

Refined rape oil for lubrication and burning should be clear, and 
pale yellow in colour. 

The total acidity, calculated as oleic acid, should not exceed 4 
per cent. Of 230 samples of commercial refined rape oil examined 
by Archbutt, 84 per cent, satisfied this condition (see p. 202). Low 
acidity is of great importance if the oil be required for burning in 
lamps, since free fatty acids as well as free mineral acid have a 
charring action upon the wick. 

In rape oil refined by sulphuric acid, traces of free sulphuric acid 
exist, as is proved by the following experiments. 

100 c.c. of rape oil and 100 c.c. of distilled water were placed in 
a large beaker on a steam-bath, and steam was blown through the 
mixture vigorously for half an hour. The oil and water were then 
poured into a separating funnel, the water was drawn off through a 
wet filter paper, and the oil was washed with a little more water. 
After concentrating the aqueous liquid to rather less than 50 c.c. it 
was again filtered, and the filtrate was titrated with decinormal 
soda, using methyl orange as indicator. The following results were 
obtained : — 



Oil refined at 


Sulphuric Acid (H2SO4) 




per cent 


Stettin, 


. 0-0056 


Hull, 1st sample, . 


. 0-0050 


Hull, 2nd sample, . 


. 00026 



The neutralized liquids were boiled down to 2-3 c.c. and tested 
with barium chloride, and in each case a precipitate of barium 
sulphate was obtained which was estimated by the eye to about 
correspond with the result obtained by titration. These samples 
being commercial oils of good quality, not selected, it may be assumed 
that the percentage of free mineral acid in refined rape oil should 
not exceed 0*006 per cent, of H 2 S0 4 , which is equivalent to 0.035 
per cent of oleic acid. 

The specific gravity of refined rape oil at 60 # F. should be 
0*914-0-9155; it should not exceed 0*9160, and if above 0*9165 
either ravison or other oil of more strongly drying character than rape 
is probably present. A lower sp. gr. than 9 14 would be suspicious, 
for, although perfectly genuine rape oil may be as low as 9 132 
in sp. gr., such oil is seldom met with in this country. An 
abnormally low sp. gr. might be due to adulteration with light 
mineral oil. 

The viscosity of rape oil is exceptionally high, and is a very 
valuable indication of its purity. All fixed oils likely to be added 
as adulterants would lower the viscosity, and although this could be 
counteracted by adding castor oil or blown oil, the presence of these 
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Table XCL— Vegetable axd As 



Refer- 
ence to 
com- 
plete 
Tables, 
page 


Physical and Chemical Constants. 


Rape Oil 
(Colza Oil). 


Olive 00. 


Castor Oil. 


Palm 


176 


Specific gravity at 60° F., . 


0*9140-0*91G5 


0-914-0-917 


0-961-0-968 


0-8&H 


159 


Viscosity (dynes per sq. cm.), 


1-09-1 16 at 
60* F. 


1-00 at 60' F. 


2-73 at 100' F. 




191 


Settiug-point, ° F., . 


11-28 


21-39 


-0*4 to +14 




196 
199 


Melting-point, ° F 

Refractometer value at 22° C, 


+15° to +20° 


0" to -f-S-5' 


+37 J to -f 46 


whenfra 
excess i<! 


213 


Saponification value, % t 


17-0-17-5 


18-5-19-6 


17-6-18*7 


19*-! 


228 


Hehner value, % t .... 


95-0-951 


94-96 


95-8-95*5 


Wi-i 


232 


Reichcrt value ; c.c. per 2*5 grms., 




.. 






232 


Rciehert-Meissl value ; c.c. per 5 grms., . 


0-4-0-9 


0-45-1-5 


2*2-4*0 


W 


237 \ 
239/ 


Acetyl value, /',.... 


0*79 


1-35-1-36 


15*0-15-5 




245 


Iodine value, ;:, 


97-5-106 


76-89 
(usually bl-85) 


83-5-S6-5 


51 -x 


I 252 

1 


Maiimcnc* thermal value ; 50 grms. oil, 
10 c.c. of 97 ,i sulphuric acid, ' C, 


68-64 


40-45 


56-66 




1 223 


Unsaponiflable matter, %, . 


0-6-1-5 


OS-1-5 


0-3-0-8 


\-i 




Mixed Fatty Acids. 










177 


Specific gravity at 10 ¥ C 

100' 


0-S75-0-876 


0-874-0-876 




0"s* 


197 


Solidifying-point or titre-test, ' C. , 


12-2-18-5 


17*2-26-4 




35"*- 


197 


Melting-point, 3 C, . 


16-21 


19-28-6 


13 


41- 


| 2-15 

1 


Iodine value, ;{,.... 


96-5-105*5 


86-90 


80-5-&3-5 


» 


1 


Mixed Alcohols. 










177 


Specific gravity at jj*£ c 








- 


221 


Melting-point, °C., .... 










246 


Iodine value, %, 








*" 


234 


Saponification value of Mixed Acetates, %, 






•• 


- 
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Tallow 
(Beef and 
Mutton). 


Tallow OU. 

(Ox OU.) 

(Animal 

OU.) 


LardOU. 


Neatafoot 
OU. 


Whale OU. 


Sperm Oils. 


Porpoia 
and 




Southern. 


Arctic. 


Blackfls 
Jaw OUi 




0*937-0*953 


0-916-0-919 


0-913-0-919 


0-915-0-918 


0-921-0-928 


0*875-0*884 


0-879-0-881 






0-18 at 
150 a F. 


1*04-1-13 at 
60* F. 


0*99at60°F. 


about tame 
a* tallow oU 


- 


0*39-0-42 at 60* F. 






108-124 


variable, 
aay 32-46 


25-42 
(occasion- 
ally lower) 






about 32 










0° to +r 


-rto -4° 


30*6° to 48° 


-12" to -17* 




8 


19*0-19*8 


19*3-20*0 


19-42-19-63 


19-4-19-8 


18-8-19-4 


12*0-147 


12-3-13-6 


25-4-29' 


•6 


05-90 






95-3-95-6 


985 
07-12-5 


1-3 


1-4 


66*3-72- 
47-8^5- 


•5 


1-0-1-2 
0*98 


( 


60-82 


) 


•• 






131-6 


J-5 


32-7-46-2 


65-60 1 


(according 

to setting* 

point) 

41-46 


> 69-75 


120-130 


81-3-84-4 


80-4-82-1 


31-50 






40-43 


(40-46 T) 


85-92 (?) 


45-51 


42-47 






0-5 






' 


0-65-3-72 


37-4-415 


317 (?)-39-7 






0-870 






0-874-0-880 










26*2 


38*8-48*3 




-{ 


26-27 

(sheep's foot 

oU 21-22; 

horse's foot 

oU 28'6) 


}■■ 


11-1-11*9 


8-3-8*6 




-27 


42-54 


.. 








13*3 


10-3-10*8 




4-6 


26-41-5 










83*2-88-1 


82-2-83-3 
















08271 






. 




.. 


.. 






235-27 5 




• 




** 








67*9 
18*49 


69-3 
18-62 





* Neutral oU prepared In the laboratory from commercial oU. 
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oils would be indicated by other abnormal characters, castor oil 
raising the acetyl value and both oils raising the specific gravity. 
Rosin oil or heavy mineral oil, if present, would be detected in the 
unsaponifiable matter. 

The saponification value of genuine rape oil ranges from 17*00 
to 17*50 per cent. This statement is based upon the examination of 
hundreds of samples of the commercial oil tested by Archbutt during 
the past 18 years. A value in excess of 17*50 is probably due to 
the presence of ravison or other more strongly drying oil. On the 
other hand, a value lower than 17*0 would indicate the presence 
of an unsaponifiable oil, or possibly of sperm or bottlenose oil. 
The test must, of course, be made with every precaution to ensure 
accuracy, otherwise the limits cannot be so strictly defined. 

The Maumen6 value, or rise of temperature on mixing 50 grins. 
of the oil with 10 c.c. of sulphuric acid (97 per cent. H 2 S0 4 ), ranges 
from about 58° C. to 64° C. ; the result depends to some extent upon 
the * personal equation ' of the operator, which is not serious if the 
instructions given on p. 251 are strictly adhered to. A high result 
indicates the presence of ravison or other drying or semi-drying oil, 
and a low result indicates mineral or sperm oil. 

The unsaponifiable matter, determined by the method on p. 21.\ 
should not exceed 2 per cent, in genuine commercial rape oil. In 
the expressed oil it is below 1 per cent., but in the oil extracted 
from the seed by petroleum spirit 1 per cent, must be allowed for 
residual hydrocarbons. If a larger proportion than 2 per cent, be 
obtained, it should be purified by re-saponification as directed on 
p. 223, and if still materially in excess of 2 per cent., the product 
should be examined as directed in Chapter VII. section F (p. 219), 
to ascertain whether hydrocarbons (mineral or rosin oil), cholesterol 
(from animal oils), or wax alcohols (from sperm or bottlenose oils) 
are present. In genuine rape oil the unsaponifiable matter consists 
very largely of phytosterol, which may be obtained in characteristic 
tufts of needle-shaped crystals by dissolving the unsaponifiable matter 
in 2-3 c.c. of warm 90 per cent, alcohol and cooling the solution. 

Kape oil should always be subjected to the oxidation test de- 
scribed on p. 255 (watch-glass test), a standard sample of known 
purity being tested at the same time and under the same conditions. 

Halphen's colour reaction for cottonseed oil (p. 280) and the 
furfurol test for sesame oil (p. 281) should not be omitted ; both are 
very delicate, and the result must be interpreted in accordance with 
the quantitative values. According to Archbutt's experience, these 
reactions may be relied upon to give negative results with genuine 
rape oil. If a red colour be obtained by Halphen's test, the presence 
of cottonseed oil should be confirmed by the Milliau test (p. 278), using 
the fatty acids which may be easily obtained from the soap solution 
left after isolating the unsaponifiable matter. Some genuine rape oils 
have a slight, slow reducing action on the silver solution; but an 
immediate, decided reduction proves the presence of cottonseed oil, 
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icticm is usually in proportion to the percentage 

testa suffice for the detection of the usual 

fam, rottonseed, maize, Unseed, and the drying 

oil, and Arctic Sperm oil. The latter, though 

a than rape oil, is sometimes added in order to 

vity and saponification values which have been 

a with oil such as cottonseed. 

ry tost, the iodine value is useful for confirming 

son oil, maize oil, the drying oils, and some fish 

ber iodine values than genuine rape oil. It is of 

tion of cottonseed oil. These oils (except cotton- 

ifying and melting points of the mixed fatty acids. 

of genuine rape oil solidify at 10*5° to 18 "5° C, 

risen oil do not solidify at 0° C. 

Olive Oil. 

9 oil is one of the finest lubricants we possess, but 

j great deal of it is spoiled previous to extraction, by 

lip to ferment and the oil to become decomposed (see 

I) i also by storing the oil in a crude state. Olive oil 

nbrication must therefore be carefully examined for 

4 per cent, of free oleic acid should be the maximum 

e consumers ; small quantities of oil intended for the 

' delicate machinery may be purified from every trace 

I refining with soda (see p. 209). 

should be clear, and pure yellow or greenish-yellow in 
Some perfectly genuine olive oils are green or brownish- 
colour being due to chlorophyll, which may be identified by 
f its characteristic absorption bands if the oil be submitted to 
3pic examination. But there are some adulterated oils which 
Icially coloured green by copper; this may be detected by 
f some of the oil with ether and shaking with dilute sulphuric 
hich will remove the green colour. On drawing off the acid 
and adding excess of ammonia, the deep blue colour character- 
cuprammonium will be obtained. 

e oil, being one of the most expensive lubricating oils, is very 
to adulteration. The most valuable instrument for the rapid 
on of adulteration is the oleo-refractometer (see p. 198). As 
» seen by reference to the table on p. 199, the recorded deviation 
by genuine olive oil ranges from 0° to +3*5°. 106 samples 
led by Oliveri* ranged from 0° to only 1 # 2°. All fixed oils 
bo be added as adulterants would increase the refraction, except 
eatsfoot, and tallow oils. Arachis oil, which has a deviation 
f +3*5 to + 7'0, would not be detected unless present in large 
tion, but would be found by Benard's test (p. 273). 

* Jour. Soc Chem. Ind. t xiii. (1894), p. 45. 

U 



2» ■ Mzrw-ra r aJ3 "■'■'^ 

Zj* msIL. iuavJ^ if ac*7- tfitsiT iiri» :£! as 50" F. usually 
-x-m?= rn=. - " rnar^r i~5 _^ "a i-KT. tirs zsaj rise *> 0*919 in 
as- -3a* i -iis -t .■.-tzri. ■m-*-™—-* ■i itnMnn^.f i^*. .£ fr:-in the kernel 
jp. -et__— :ir*-. -»=:i nl* -siiiuiiL mc w i»i f:r I~e:^aiing without 

- -*»-— az~-:-_ -^ jrr-.i* &> -c -ui«r -femfrfdrr ■*;. r-xf iiz« and cum. 

•""7 -r"z_ r :_- ~I -l-"u -2-^--*— l "ii -sus cr as i'lf ' F. -?- a wa^h-g iv 

— •- - "j-lr" -i-l J.—* ol n--=s MI" 21 «^Ht=i; rraTrsj shosM b? sab- 
~— "^. v 11^ r=5 -c.l ~c 1 " :5 i^ rnnnutas *xi-ni-iA"b:c. f:-r adTilierant*, 
*-..:. -1 -"T^Tir — .. *-^r: -. -nr-afe. Oil >:cr*T«»=*l rCs. Adaltera- 
" ~ "*-::_ t«.--= _r -ainii^*: ni. vuiul inc :* 2iil-3-a>i :-y the specific 

7 -~ -*---r-z^^ - ■■"■■•- ^-^- >mj* rilf i^r n-ri wi;h Lavinci 

"*■ - "■« : . ■*-_: _r _ -t ie ""? "i. Zi-i* T^fc? a^jt «Efr : «" io-Liie value 

^1 ._—- 1 --t-t:.::-- :•• ,=_— -^":»— v^ttl vie f:czi 10 posses? a 

-■".- : ^= -- _z. r^~r~ .-^~7~ a"; -M' T. . ^ ;•: rifeanon vain* 

-r --: . . ^1 . — r»- =l*~" ii»* ^sL-r r-v -'.: :r.i:>r an:«"in:*l 

" "-■■ -- *-r --.".. ir.i .-s il v-fci i'*e*»-'L anl ilr ::":-r :?ac::oR' 

- — — . ji . — -i=l- ■...= ^-:r* :_Ti~r --:-rirTf. Tie aeiiiiy w.y 

• " "-r -;.-. r.- - t --^- -r-wzxi Lr^iTfi 4.: :•* £*-■? to an eic»?s 

.-.- - - -: : : - -: . 1* u l v-i=--:«±irL=ir^ :: 4-: 1 v- 47 : F- Aftff 

• -. * . --■: >::_i- - :_ fl:L i*^ : "-■-: ^7 4 ■■-: 

:.-■..... :■■:"■:".■* ? ^.7".^ :: : -zlil- t:\i. :liv v ;:'. rxiir.ir.rl 

":-.::.: • ■: - ■ 1 i -L _r 5^ I:~ ^? 1^ •* • ; :; i- fr m ::> co'o'i: 
" ' ."*-:":. 1 •■■ i-r-t". :.. . ;!* t^I.-? :: :".r :■::.•-: >i:^:>s rar.jf-l 
r- ^ ' r ■ ":: L ; .> T-=r :-f~T_ A". • >iTOTr.:r.-:ji:-;:r. va!-:^ nichi l- 
::• : :_r -. - ■■*-■:> :: :..T-5-iT:r-:l :il -whi-rh 0.1 r. *o;irL>!y be r- 
r..' ■■: ..? l.- ■ -.«>r-.-: . r :•: ii-*.>ri:: ■=. w-;:h ra-. -. m^iarl. Ante 
•? --~l- • — ^.^tl. :.l. N: i.i^l-.rrir.; I:ke> :o r-e ^ii«.-vi would n:at<'- 
r.« 7 - :1t %iT-:^i :-:::- T*lur :: :live oil 

• '."-" ■■ 1.-V .:-* T«*?f:*f :"*s: ".i-i ::I-«-i» rr-fr:.: ir. :h-*« Mr^j.'-*. Lard of i« 
1 i z • : - .iz 1 I: :: -«f r« w:r::. wbilr :■: p. t* i:* j-:t*^:.c*. ih»* nu-th^i wu! 1 V* 
: .- "i:s :j.t *-?j.r.z. *i:;i ii a**:l: :r r^ pure o.iv t - oil Hehner ami Mit-li*'*. 

in > -: . r. '. -f • Lewk.wiisch, A:ia r y*u 0/ Ui \«,iV-» !'• i ^- 

• -*j-ii1 r-fA- -. , '..."«. tcI L 1 -557. 



SYSTEMATIC TESTING BY PHYSICAL AND CHEMICAL METHODS. 307 

The Maumeng value of genuine olive oil, determined as directed on 
p. 251, is lower than that of any other vegetable oil, ranging, according 
to our experience, from 40° to 45° C. ; this test is, therefore, of 
great value for the detection of adulteration. 

The unsaponifiable matter in genuine olive oil does not exceed 1*5 
per cent.; a higher result than this would probably be due to the 
presence of hydrocarbon (mineral or rosin) oil, or of wax alcohols 
from Arctic sperm oil. 

With reference to specific adulterants, the following remarks may be 
made: — 

Cottonseed oil, unless it has been heated, is detected with certainty by 
Halphen's test (p. 280) or by the Milliau test (p. 278), both of which give 
negative results with pure olive oil and are sufficiently delicate to detect as 
little as 2 per cent, of cottonseed oil, if present. Olive oil adulterated with 
cottonseed oil would, of course, contain more than this percentage, and the 
presence of the foreign oil would be confirmed by the increased refractive 
power, iodine value and Maumene* value of the sample, also by the result of 
the oxidation test ; without this confirmation of the colour reactions, the- 
presence of cottonseed oil as an adulterant could not be certified. 

Sesame' oil is detected, with certainty, by the very delicate Badouin reaction 
(p. 280). Some genuine olive oils give a rose coloration, but it is unlikely 
for error to occur if the sample be submitted to confirmatory quantitative 
teats. Sesame* oil, if present as an adulterant in olive oil, would raise the 
refractive power, iodine value, and Maumend value of the oil, and would 
increase its drying and gumming property. 

Earthnut (Arachis) oil can only be detected in olive oil by Renard's 
process, although the presence of the oil might possibly be indicated by an 
abnormally high iodine value. Earthnut oil of the best quality is a non- 
drying oil, and if a sample of olive oil containing this oil be found to possess 
no undue tendency to oxidize, there is only the substitution of a cheap 
oil for one of greater value to be objected to. Some earthnut oils are not 
'non-drying,' and olive oil containing such is spoiled for lubrication. It 
must not be forgotten that rape, mustard, and perhaps other oils from 
cruciferous plants contain arachidic acid. These oils would betray their 
presence by lowering the saponification value, and by raising the iodine and 
Maumend values, of olive oil. 

Castor oil would raise the specific gravity, viscosity, and acetyl value of 
the sample, besides increasing the solubility of the oil in alcohol. 

Curcas oil would raise the specific gravity and the Maumene' and iodine 
values, and would increase the tendency to oxidize. 

Arctic sperm oil, also mineral and rosin oils, would betray their presence 
by increasing the percentage of unsaponifiable matter, and could be identi- 
fied with certainty and the amount estimated by examining the latter. 

Lard and tallow oils would be the most difficult to detect. They would 
probably raise the setting-point ; but, being non-drying oils and good lubri- 
cants, their presence would not necessarily be objectionable, except for the 
fraud. (See note at bottom of page 306.) 
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Castor OiL 

Castor il f :-t '"treating should be clear, pale in colour, and as free 
as rossi*- Le fr.-ci icidity. 

F:r ;;.e d**tec3ioii of adulterants, advantace may be taken of tie 
eu-y solubility of :Le genuine oil in alcohol. "Absolute alcohol 
■: « -.->*.* castor oil in every proportion : 90 per cent, alcohol (sp. zr. 
"3 I - dissolve less. 1 vol'ime of castor oil requiring from 2*4 to 2*94 
vo'.vxmes of 90 r>»r cent, alcohol at 20" G. according to experiment* 
by ItaLLie.* A sample of genuine castor oil tested by Archbutt was 
p-rf*:tly *.:-Iu T -Ie in *2 volumes of 90 per cent, alcohol at 15' C. 
Tw*?r.*iv-:hr«-e samples of I nil: an castor oil, examined by Peering and 
Redwc-d. u-^re eumpletely solulle in 3 volumes of alooholofsp.gr. 
0-^30 a: 60" F. (15 ; 5* C\). It appears, therefore, that castor oil, if 
genuine. >h "'•;! i dissolve completely in 3 volumes of 90 per cent 
ul johol at '20*. Ii is usual, however, to employ 5 volumes of alcohol, 
as r^ -1 on: mended in the British Pharmwfxia (1S98), and we 
1. ivr fo'ind by experiment, with the sample of easily soluble castor oil 
referred to above, that when only 5 per cent, of eilher rape, blown 
rap^. co:t«'n?eed. poppy, maize, or cnrcas oils were mixed with it, 5 
volumes of 90 per cent, alcohol gave a strongly turbid mixture at 
l.V C, which dirp-isited a small quantity of oil on standing. The 
following t-*s:, originally recommended by Finkener t (who us*?d a 
slightly .-*:■ r. fc v-r al'.-i;.I). may therefore be employed wi:h connMcr.ie 
as a r;r-M i:.e:liod of assay: — Measure exactly K> c.c. of castor oil in 
a crad"a>d f stoppered test cylinder, add 50 c.c. of alcohol (>p. :.?. 
0"S54j arid well mix. If genuine, a clear and bright solution will \* 
obtained at 15° C. If as little as 5 per cent, of foreign oil be pr^eir.. 
the liquid will remain strongly turbid even on warming to 20" C. 

The specific gravity of castor oil should lie between 0*961 ami 
90s, and is usually about 963-0*964. Adulteration with any 
other natural fixed oil or mixture of oils would lower the sp. lt., 
and although this might be adjusted by the addition of rosin o:l 
(.-p. gr. 0*9^-1 "00) the presence of the latter would be easily detected 
by determining the amount and examining the properties of th> % 
unsaponifiable matter, which, in genuine castor oil, does not excee-1 
10 per cent. Blown rape or blown cottonseed oil might be aii«hd 
without altering the density, and without causing any appreciable 
increase of the unsaponifiable matter. 

The viscosity of castor oil greatly exceeds that of any other 
natural fixed oil, but it is exceeded by that of blown oil. Twenty- 
three samples of Indian castor oil, tested by Peering and Redwood in 
the lied wood viscometer, required from 1160 to 1190 seconds for the 
outflow of 50 c.c. at 100° F. 

The acetyl value of castor oil (14*6 to 15*5 per cent.) exceeds that 

* Lewkowitsch, Analysis of Oils, etc., p. 421. 
f Juur. Hoc. Chcm, Ind. t vi. (1887), p. US. 
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of any other known oil except grape seed oil (p. 237), and is one of 
the most valuable indications of its purity. Although blown oils 
also have a high acetyl value, they do not nearly approach castor oil 
in this respect (see p. 240), and the detection of 10 per cent, of 
blown oil is possible if the mixed fatty acids are thoroughly boiled 
with water to remove all soluble acids and then examined by 
Benedict's process. Grape seed oil, if present in castor oil, would 
lower the specific gravity. 

The Hehner value (95*3 to 95*5 per cent.) would be lowered by 
adulteration with blown oil, as would also the iodine value (83*5 to 86*5 
per cent.) ; on the other hand, the Beichert-Meissl value (2*2 to. 40), 
the Maumene* thermal value (56° to 66°), and the saponification 
value (17*6 to 18*7 per cent.) would be raised. 

Among other possible adulterants mentioned by Allen, poppy seed 
oil would lower the specific gravity, acetyl value and viscosity, and 
would raise the iodine value ; lard oil would lower the specific 
gravity, viscosity, acetyl and iodine values ; coconut oil would lower 
the specific gravity and the Hehner and iodine values, and would 
raise the saponification value ; and seal oil would lower the specific 
gravity, acetyl value and viscosity, and would raise the iodine value. 
Cottonseed and sesame oils would be detected by the characteristic 
colour tests for these oils. 

Palm Oil. 

Palm oil is not as a rule adulterated with other fats, the chief 
impurities being free palmitic acid, dirt, and water. For grease- 
making, low acidity is of chief importance, as the dirt is strained off 
and the water settles out in melting. The acidity is estimated by the 
method described on p. 207, and should be neutralized by adding 
the necessary amount of soda in making the grease. The proportion 
of dirt and water can be determined roughly by melting the sample 
in a 100 c.c. cylinder standing in a beaker of hot water, and reading 
off the volume of sediment which is deposited. Anything under 2 
per cent, may be neglected. If over 2 per cent., an allowance is 
usually made by the seller. In that case, a more accurate determina- 
tion may be made by dissolving a weighed quantity of the well-mixed 
8am pie in ether, filtering, washing, evaporating the ether, drying the 
fat and weighing it ; the difference between the weight of dry fat and 
the weight of the sample taken is water and dirt. 

Palmnut and Coconut Oils. 

The high saponification and Reichert values, and the low iodine 
values, of these two oils are characteristic, and afford ready means of 
distinguishing- them from other oils and fats. 

Coconut oil is said not to be adulterated. If required for lubrica- 
tion, the most important test would be the estimation of acidity. 
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Tallow. 

Till low intended for lubrication, when melted in a test tube. sho"!-l 
>»o clear, and free from more than traces of suspended matter. Water, 
if present, can l>o estimated as directed on p. 294. Suspended im- 
purities (membrane, etc.) can be determined by dissolving a fair 
sample (10 to 20 grms.) of the tallow in chloroform or petroleum 
spirit, tilt cring through a weighed filter paper, washing out all fit 
with the hot solvent, and re-weighing the paper and contents. Th? 
latter, if sutlicient in amount, may then be examined for po6*iK« 
adulterants, such as starch, lime-soap, etc. In genuine tallow, the 
percentage of insoluble matter rarely exceeds 0*2, and of water 1 to 
15. {A/h'fi.) 

The acidity should, of course, be as low as possible, and slioulJ not 
in any case exceed 4 per cent, of oleic acid. Tins would exclude such 
adulterants as distilled grease stearin and rosin. 

The saponification value may range from 19 to 193 percent., 
and averages about 1944. Paratiin wax (saponification value, nil) 
would lower the value ; pal in nut and coconut oils (sap. value 24 6 to 
2i» v > would raise it ; bone-fat, cottonseed stearin, and cottonseed oil 
are without e fleet upon this constant. 

The iodine value of genuine tallow has been found to range from 
3t*> i 77«- *\ 'i-/\ 32*7) to 40"2. according to published figures. Arch- 
\':'.'. V. :s iv.i : wi:h apparently genuine tallow absorbing as riti-1i *= 
4.- ."» ; r *•:.:. i-: i.-iii.e : possibly, but improbably, bone-fat or 1..:^- 
:" .: v. /..: Live been present, but not cottonseed stearin ur oil. Tir 
.;v-. ?.;■ :-:.::e value is about; 40, according to Alder Wright, 4 ; > 
.. ..■:'.:: ^ :.* Arcl.but: : Rowland Williams puts it at -10 to 4!. 
1 ■ ^ k.-K ::-,:; at ou to 40. The range is about the same b'th f--r 
V- ■:" .-.: 1 ::.':::■. :i tallow, but the average is probably lower f < r ti.' 
"..:::. A::y :al* <w having an iodine value above 4 7*0 would b* 
>■-; \i :>. ..:..! might contain cottonseed stearin (^8") to 104). i-ut;«:.- 
> . : . ■_". : vl to 117\ horse fat (71*5 to SO), or bone fat (4 *>■•"> to '•(> 
i".. :'..s i ;::-.ir l..;r.d an abnormally low value, say below :iS, mi Jit l* 
/. ■: :: :'..-; :Ti«r.ce of paratiin wax x 4 ■(.'). palmnut oil (10 to 17"."»\«.r 
v -.-■.: .*■". s :,* ?\n. It is obvious that a mixture of the al»ove int.* 
. : ". . "s -\ >v.:: ." U iroportions might be made which would have *.:.*• 
>. :*..■ :. .*:. \..!-.:e as g-:iu:ne tallow. 

0." :svi *:■ ir:n av.d cottonseed nil. which are the ino>t freY'.:: 

\" ":.■■■.:.:-> .: :.-.*.* w. ^a:i. if present, l«e detected by the Ilalplicii st -b- a 

\. * -.?. colour reactions i v.!. us* ;hcy have U-eii pie\it'U>ly treated >•• a? !:■■> 

: ^"i-,. :". ;-«. :». :. :.-\ Pun- flesh tallow gives entirely negative re>v.N 

N ... * .■»:■.■.-. Vx\ .:.> *■■ x natiiii with lard, ]>. -7l».; '1 he nitri.- ■■ 

*■ '. ■ : \ -■. ■ -J""' \%.-.;l i >vll lv available, hut the result mu>t lie. intovpii :• ■ 

v A"" *. >:.i:»'? that talh»w which ha> n«>t K-eii \va>lu-d .".::■ 1 

: ■■■ . : . • ■ v.* .." . :V.^r\-:". re, contains panicles of Mud, acquires a hpit- 

. * - ^ "..-. .ii"..-i:ii: :n a melted .-late with nitric arid •<! 1*3* >p. ~i- 

'. .. " ■ ■ ■ * .>.... / i". rf«. 'uMiii n7 i-r tfciif'i'u, L. Mayer iccciniuciuir ;*n 
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examination of the 'oleine* obtained by allowing the melted tallow to 
crystallize for 18 hours at 35° C. and then squeezing the liquid portion through 
filter cloth. The iodine value of this should not exceed 55 if the tallow be 
genuine, but in presence of cottonseed oil or cottonseed stearin a much 
higher result will be obtained. The solidifying-point (titre test) of the fatty 
acids should also be determined ; in the presence of the above-named 
adulterants it will be lower than 39° C. 

Bone-fat leaves a variable but considerable proportion of ash on ignition. 
In 5 samples examined by Valenta the amount of ash ranged from 0*11 to 
2*01 per cent.; average 1*32. This ash contains much calcium carbonate and 
oxide. As pure tallow and most, if not all, other vegetable and animal fats 
leave a scarcely weighable trace of ash^ the detection of bone-fat should not 
be difficult. Commercial bone fat, according to Valenta's analyses, always 
contains a large percentage of free fatty acids (14*8 to 26*5} ; adulteration with 
any quantity of such bone-fat would be excluded by tne 4 per cent, limit 
for acidity. Neutral bone-fat has the characters of a good lubricant. Bone 
oil (bone-fat oleine) is said to be used for lubricating clocks and watches. 

Horse fat would probably communicate a yellow colour to tallow, would 
tend to make it soft, and would lower the melting-point of the fatty acids. 
This fat (as well as the above-mentioned) would lower the specific gravity of 
tallow at 60° F., which, however, is very rarely determined. 

Paraffin icax, which is sometimes added to soft tallow, and usually reveals 
its presence by reducing the saponification value, can be estimated by 
determining the unsaponifiable matter, which, in genuine tallow, does not 
exceed 0*4 to 0*6 per cent. The same process would enable rosin oily if 
present, to be detected, and also wool fat. 

Palmnut and coconut oils, besides raising the saponification value (which 
no other likely adulterant would do), would increase the Iteichert value and 
reduce the Hehner value. The commercial oils, which are usually very acid, 
would be excluded by the acidity test. 

Valuation of Tallow. — By the soap and candle maker tallow is valued by 
the results of Dalican's titre-test (see p. 196). The ' titre ' of tallow intended 
for candle-making (t.e., the solidifying-point of the mixed fatty acids) 
should not be below 44° C. ; tallow of lower titre is used for soap-making 
(Lewkowitsch). It does not follow that tallow for lubrication should be valued 
in the same way. 

Tallow Oil 

Few analytical data have been published for this oil. Allen gives 
the specific gravity at 60° F. as 0*916, and the solidifying-point as 
0° to +6° C. (32° to 43° F.). The oil should contain very little free 
fatty acid and, if genuine, should have an iodine value of, probably, 
55 to 60. 

* Ox oil ' should be tallow oil expressed from beef tallow. ' Animal 
oil ' might contain the fat of other animals. Two samples of animal 
oil examined by Archbutt had a sp. gr. of 9 187, iodine values of 
59*7 and 604, and saponification values of 19*35 and 19*96 per cent. 
On cooling to 50° F., no crystals formed in three hours ; but on 
lowering the temperature to 46° F., crystallization commenced, and 
slowly continued until the oil ceased to flow on inclining the tube. 
The low percentage of acidity (0*25 per cent.) and the high viscosity 
(nearly equal to that of rape oil) of the samples were noteworthy features. 
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Lard 00. 

The specific gxmiilj of genuine American kid on at 60° F. ranges 
fn:ci 0-V13 to 0*ViS t according to Schweitzer and Lungwitz.* Ten 
samples eximined by Arehbatt ranged from 0-9162 to 0'9181 ; of 
sheas, two d**scri]:«d as American lard oil had the highest sp. gr. 
prSisO an.l 0"9i*i „ zhe remainder (probably of home manufacture) 
■iii hog r*:**! 0-9170. Allen states that the sp. gr. should not 
*x-:**<i :*L*0. Ad^seranta such as cottonseed and maize oils would 
riis* zL* «i?eciic gravisy. 

Tb* Xacznen^ thermal value (determined as described on p. 251) 
of ib* "en. simples tested by Archbutt ranged from 41 3 to 46°, practi- 
cally ;he am* as in the case of olive oiL This is, therefore, a very 
T-il-^ible vs:. since most oils likely to be added as adulterants, except 
numeral oil. would increase the temperature reaction. 

The iodine value of genuine lard oil varies considerably, owing 
to :Le variable proportion of olexn. The interpretation to be placed 
upon, she resul; of this test must therefore depend upon the congeal- 
inr poir. : of :he o:L Schweitzer and Lungwitz, who have investigated 
this rela:::::, de:ermine the congealing-point as follows : — The oil is 
poured in:.? a wide-mouthed bottle, immersed in a freezing-mixture of 
ice and sal;, and stirred vigorously with a thermometer ; the tempera- 
ture is n::ed at which the oil shews the first sign of becoming cloudy. 
Any *ard :\. w-v- higher inline value than 70 should not shew sicns 
• :: <:"■:■: "ir.vss -.iVv- 40 : F. The lard oils having iodine values of from 
i: :-: •** .ire j-:-vr-.LLy pis:y at 40 s F. 

T"..r saroninoation value of genuine lard oil is about 19*42 to 19-53. 
A :-.:.> :..::. :zl h::L rj-sL oil, mineral oil, or rape oil would lower the 
v. I:.-. 

E:sin ■::*. or mineral oil. if present, would be detected and estimated 
rv .■■■:-:^i : .:-.i:. i : :r.e unsaponifiable matter, which in genuine lard oil 
is l.ss ::.a:: 1 r--r cent. 

C;:::-^.-? I ■::! would be detected by Ilalphen's or Milliau's colour 
tests : 4*w!i" oil by the furfurol test. 

I'^-iruine lard oil cor. rains no arachidic or lignoceric acids : therefore, 
if ::-.ese acids be found by Benard's process (p. 273), either eartlmut 
oil or r.i;\? oil must be present. 

Neatsfoot Oil. 

Commercial neatsfoot oil may include the oil from the feet of sheep, 
pi^s, horses and other animals, and is liable to extensive adulteration 
with vegetable oils, lish oils, mineral oils, and, doubtless, rosin oil. 
"When properly prepared from fresh feet, this oil contains less than 
0"i per cent, of free fatty acid; but the commercial oil, owing 
either to adulteration or to carelessness in manufacture, sometimes 

* /cur. Soc. Oum. Ind. t xiv. (1895), p. 129. 
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contains a very large percentage of acidity. According to Mr. E. 
Grant Hooper,* as much as 34 per cent, of free oleic acid has been 
found. 

There is not sufficient data for defining the natural limits of varia- 
tion of this oil ; the numbers in the table on p. 303, based upon results 
obtained chiefly by Lewkowitsch, and by Coste and Parry, must be 
regarded as approximate. 

Seed oils, such as cottonseed and maize, also fish oils, would raise 
the specific gravity, iodine value, and Maumen6 value. Cotton- 
seed oil would be detected by Halphen's and Milliau's colour tests ; 
sesame* oil by the furfurol test. 

Mineral and rosin oil would be found in the unsaponifiable matter, 
which, in genuine neatsfoot oil, probably does not exceed 1 per cent. 

Whale Oil. 

Owing to the low price of whale oil, the only adulterants likely to 
be added to it are rosin oil, mineral oil, cheap fish oils, and possibly 
cottonseed or maize oiL The examination of a sample intended for 
lubrication should be first directed to the determination of acidity ; 
21 samples of 'white* whale oil, tested by Veitch Wilson, contained 
from 1*0 to 5*5 per cent, of free fatty acid, the average percentage 
being 2*14. The search for adulterants may then be made, together 
with a careful comparison of the oxidizing property of the oil as com- 
pared with a standard sample of good quality. 

Schweitzer and Lungwitz,t who have examined a large number 
of pure whale oils refined and sold in the United States, state that 
refined whale oil (i.e., whale oil freed from ' stearin ' by cooling and 
straining) should be clear and of a pale yellow colour. 

The specific gravity should lie between 0921 and 0923 at 60° F., 
the saponification value between 19*0 and 200 per cent., and the 
iodine value between 120 and 130. The mixed fatty acids should 
melt completely at or below 20° C. ; a higher melting-point would 
indicate the presence of cottonseed, maize, or fish oil. Small per- 
centages of these oils are said to cause the appearance of crystals in 
the fatty acids at the ordinary temperature, whilst the fatty acids 
from pure whale oil shew no signs of crystallization. Cottonseed oil 
would be detected by the Milliau test ; mineral or rosin oil would be 
found in the unsaponifiable matter, and could readily be identified 
by the tests given in Chapter VII. Section B (p. 209). 

Sperm OiL 

No means of distinguishing southern and Arctic sperm oils except 
by the smell and appearance, much less of detecting one when mixed 

*Jour. Soe. Chem. Ind., xvii. (1898), p. 5. 
iJuur. Soe. Chem. Ind. t xir. (1895), p. 130. 
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being, for the present at any rate, insoluble by chemical methods, the 
two oils will be considered as identical in the following remarks. 

The specific gravity of genuine sperm oil ranges from 0*878 to 
0*884, and would be raised by the addition of any fixed oil or fat ; 
this could be corrected by the addition of light mineral oil, but not 
without lowering the flashing-point, which, according to Allen, is as 
high as 480° F. in the case of genuine sperm oil. Out of 93 samples 
of sperm oil tested by Veitch Wilson the flashing-points (closed test) 
of only 3 samples were below 410° F., viz.: — one sample 400° and 
two 390°. The others ranged from 410° to 485° F., and the averages 
were 457 5° F. for southern sperm and 446*2° F. for Arctic sperm. 
There are pure mineral lubricating oils having the same specific 
gravity and viscosity as sperm oil, but their flashing-points are lower 
than 400° F. 

The low saponification value of sperm oil is characteristic, but is 
not to be relied on as a test of purity, since a mixture of a cheaper 
fixed oil with mineral oil could be made to have the same value. 
Ix)bey de Bruyn has found, however, that in sperm oil adulterated 
with such a mixture the presence of mineral oil can be detected by 
Holde's ted (p. 210), since the higher alcohols formed by saponifying 
sperm oil do not separate at once on adding water, but remain for a 
considerable time dissolved in the soap solution. 

The most reliable means of detecting the adulteration of sperm 
oil is to isolate and examine the unsaponifiable matter. Genuine 
sperm oil yields from 36*3 to 41 5 per cent, of unsaponifiable matter, 
consisting entirely of wax alcohols easily soluble in cold rectified alco- 
hol ; if the unsaponifiable matter obtained from 5 grms. of a sample 
of sperm oil be normal in amount and completely soluble in 2 c.c. of 
cold alcohol of sp. gr. 0*834, the sample is most probably genuine. 
For further information as to the properties of the wax alcohols from 
sperm oil, see Table LXI. (p. 224) ; also page 221. For the analysis 
of mixtures containing sperm oil and mineral oil, see p. 233. 

Porpoise and Dolphin Jaw Oils. 

Their remarkably high Reichert value is sufficient of itself to iden- 
tify these oils. The high saponification value and low iodine value 
are also characteristic. The results obtained by the examination of a 
sample of Kelley's watch oil are given on p. 116. 



D.— BLOWN 0E THICKENED OILS. 

Blown rape oil and blown cottonseed oil ('lardine') are usually 
pale-coloured and extremely viscous oils having a nauseous odour. 
The only natural oil which they at all resemble is castor, and from it 
they are easily distinguished by their sparing solubility in alcohol. 
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1-2 c.c. of castor oil, if shaken in a test tube with 10 c.c. of 90 per 
ctMit. alcohol, will dissolve easily, but the same quantity of blown oil 
remains apparently insoluble. 

For the detection of blown oils in castor oil, see Castor Oil (p. 305). 
For their identification when mixed with mineral oil, the following 
characteristics are available, viz.: — the dark colour produced on 
siponifying them with alcoholic potash solution; the high specitic 

gravity at . h) C. of their insoluble fatty acids (p. 177) ; the consider- 
able proportion of soluble non- volatile acids formed by their saponifi- 
cation i p. US): the comparatively low iodine value and high acetyl 
v iltie of the insoluble fatty acids (see pp. 246 and 240). The soluble 
i: >::- volatile acids were estimated by Thomson and Ballantyne by col- 
i» , -:".:::$: the titrate and washings from the insoluble acids, distilling to 
dry ::.■•*- and extracting the dry residue with ether. After expelling 
:!.■» etl.er by ova juration, the acids were weighed and then titratol 
w-.tl. <:i:. iari alcoholic potash solution. For the Keiehert-MeissI value 
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E.— MIXED LUBEICANTS. 

Mixed lubricants may be either oils or greases, and may or may not 
contain soap. For the detection of soap, see section W, p. 291. 

I. Mixed oils and greases free from soap may contain mineral oil, 
rosin oil, or coal-tar oil, together with a fixed oil, fat, or wax ; the fixed 
oil may be a blown oil. An approximate analysis may frequently be 
made by Gripper's method (Section D, p. 214). 

A more exact analysis may be made by isolating and weighing the 
unsaponifiable matter (section E, p. 215), and then determining its 
properties and nature (section F, p. 219). By recovering the mixed 
fatty acids from the soap solution, and submitting them to examination 
(section G, p. 224), the fatty ingredient of the mixture may frequently 
be identified. Obviously, the problem becomes simplified when the 
mixed oil is purchased to a specification stating what the nature and 
proportion of the component oils must be. For the analysis of mixtures 
containing sperm oil or wool fat and mineral oil, see p. 233. 

II. The analysis of oils and greases containing soap is conducted 
in the following manner : — 

10 grms. of the sample are stirred with ether in a small beaker 
until dissolved or thoroughly disintegrated. The liquid is then 
rinsed with ether into a separating funnel and shaken several times, 
with 10 c.c. each time of hydrochloric acid (sp. gr. 1*10) to decompose 
all soaps and extract the bases. The ethereal liquid is then washed 
with water until free from acid. 

Acid extract. — This contains the metals existing as soap. It is 
first washed with a little ether to remove mechanically mixed oil, the 
ether being added to the main ethereal solution. The liquid is then 
placed in a beaker, covered with a clock-glass, and heated on a warm 
water bath until the dissolved ether has boiled away. It is then 
poured into a basin, evaporated to dryness on a steam-bath, redissolved 
in hydrochloric acid and water, filtered, and the metal or metals which 
were qualitatively detected in the ash may be estimated in the clear 
solution. 

Ethereal solution. — This contains the neutral oil (fatty and 
mineral), together with all fatty and resin acids which existed in com- 
bination with the metal as soap. In order to extract the fatty and 
resin acids, the solution is shaken with 50 c.c. of a 2 per cent, solution 
of caustic soda (10 per cent, caustic soda solution, 20 c.c. ; rectified 
spirit, 10 c.c. ; water, to 100 c.c). The shaking should be continued 
for | to 1 minute and be not too vigorous, lest an emulsion be formed. 
After separation has taken place, the soda solution is drawn off into 
another separator, and the ethereal solution is further shaken with 10 
c.c. quantities of the dilute soda solution until all fatty acids are ex- 
tracted; it is then washed several times with water. The mixed 
alkaline extract is first shaken with a little ether, which is added to 
the neutral ethereal solution, it is then acidified, and the liberated fatty 
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(r»n«l resin) acids are extracted with ether and weighed. The nentnl 
ethereal solution ia also evaporated and the residue weighed. We thus 
obtain: — 

(a) Metallic oxides, existing as soap. 

({•) Fatty (and resin) adds existing in the free state and as wu>.— 
Estimate the free fatty acid in a portion of the original sample 
as directed in section A, p. 201 ; if worth while, deduct this 
amount from the total, and multiply the remainder by 97 to 
reduce to anhydrides ; add the metallic oxides ; the sum is the 
amount of dry soap. Resin, if detected by Liebermann's fest, 
may be estimated by Twitchell's method. Phenols, from coal- 
tar oil, if present (very rarely), would have to be separated 
from the fatty and resin acids by distillation with steam, 

( ■*) R<*idual (neutral) oil. — This may contain any or all of the 
following: — mineral oil, rosin oil y (coal tar oil) % jixol ».#, 
trar, and, possibly. />? tear alcohols. It must be analysed as 
directed above, p. 317, E, I. 

In addition, the grease may contain: — 

< >?) Wat-r. — This is determined as directed in section Z, p. 293. 

(r) y*m-fatti/ ingredients ; such as jtlumhago, talc, sidphur, etc.— 
These will for the most part remain insoluble and be drawn 
off with the aqueous extract They must be filtered off and 
examined separately. 

</ /.">.•■ -w ./ 7<is»?. — This is detected nnd estimated by detcrminin;; 
the combining weight of the fatty acids and ascert-ainin^ 
whether the amount of base found is more than sufficient to 
saiuratc them. 



CHAPTER IX. 

THE MECHANICAL TESTING OF LUBRICANTS. 

Introductory. — Although the ultimate decision of the engineer con- 
cerning the lubricating value of any oil, grease, or fat must 
necessarily be governed by the results obtained in everyday work, 
yet when lubricants have to be purchased in large quantities it is 
advisable to have some means of testing them mechanically. Until 
comparatively recent years, mechanical methods were chiefly relied 
upon in the testing of lubricants. Owing, however, to the intro- 
duction of new lubricants of mineral origin, and the increasing 
extent to which adulteration has been indulged in, the necessity 
of making careful chemical analyses of oils, etc., and the determination 
of their more important physical properties in the laboratory, have 
become more and more recognized. 

Improved chemical and physical methods of analysis have rendered 
it possible to determine accurately, and often state in absolute 
measure, the value of many properties of lubricants which mechanical 
testing machines can only give very imperfectly. Mechanical methods 
have, therefore, largely yielded to chemical ones, and the value of the 
oil-testing machine has been somewhat lost sight of. It must not be 
forgotten, however, that it is only by special frictional methods in- 
volving the disappearance of the oil pressure-film (see p. 64) that the 
' oiliness ' or ' greasiness ' of lubricants can be measured. When 
the conditions of speed, etc., are such that the pressure film can 
form, the frictional results simply arise from the viscosity of the 
lubricant and the curvature of the rubbing surfaces. The chances of 
being misled by attaching undue importance to viscosity were but 
small and unimportant when vegetable and animal oils only were used. 
The chemist or engineer had then merely to ascertain whether the 
sample was genuine rape, sperm or other oil, as the case might be, the 
relative lubricating powers of the pure oils under different conditions 
being fairly well known. Of late years, however, numerous .new 
viscous liquids of mineral origin (hydrocarbon oils) of varying lubri- 
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according to the information they are desired to convey, and which 
can he summarized as follows : — 

(1) Comparative oiliness or greasiness. 

(2) Frictional effects due to viscosity. 

(3) Effects resulting from different methods of applying the 

luhricant. 

(4) Effects produced hy different metals working in contact. 

(5) Effects of temperature on friction. 

(6) Effects produced hy different loads. 

(7) Effects produced by varying speeds. 

A description of a few only of the different types of machine 
designed for ordinary testing work, and which have been used for 
experimental purposes, will here be attempted ; the nature of the 
tests which may be made with them being in some cases given. This 
can, however, only be done in an incomplete manner ; for the subject 
is an extremely complex one, each kind of machine requiring different 
treatment, and being capable of affording valuable information if placed 
in the hands of an operator who has a knowledge of the theory of lubri- 
cation and has had some experience in the management of machinery. 

It must be remembered that every change of speed, load, method 
of lubrication, temperature, form of bearing, and condition of rubbing 
surface has some, often considerable, effect upon the frictional resist- 
ance obtained with each lubricant, and, therefore, that the problems 
arising in the course of such experimental work are often very 
intricate and difficult of solution. If, for instance, a number of oils 
tested under small loads fall in a particular order of merit as regards 
friction-reducing power, on testing them with heavier loads the 
order will be found to have somewhat altered. Changes of speed 
produce even more marked differences, sometimes increasing and 
sometimes decreasing the friction. These points have been dealt 
with in some detail in Chapter IV., on ' The Theory of Lubrication.' 
Much, however, still remains to be learned concerning the frictional 
resistances of bearings when running at low speeds with different 
loads. This point will be briefly discussed in Chapter X., on ' The 
Design of Bearings/ 

Mechanical testing machines vary greatly, not only in the shape of 
the contact surfaces, but also as regards the indications which they 
give concerning the degree of frictional resistance encountered. In 
some machines the rotating surface assumes the form of a wheel or 
drum upon which a bearing block is pressed. In others it is a disc, 
the flat side of which is pressed against a similar disc. But in the 
machines most commonly used the contact surface takes the form of 
a cylindrical journal a few inches in diameter, upon which rests a 
weighted bearing-block or brass. 

It has been shewn (p. 64) that the conditions under which lubri- 
cation can be effected with cylindrical rotating surfaces are quite 
different from those which obtain with discs or other plain surfaces. It 
will therefore be convenient to deal first with the rotating cylindrical 

X 
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or drum form of machine, and subsequently with machines that give 
the frictional resistances, etc., between discs and plain surfaces. 

Cylindrical or Drum Machines. — Thurston's Oil-Testing Machine. 
— Those machines, which are made by Messrs. W. H. Bailey t Co., 
Albion Works, Sal ford, Manchester, are frequently used in England 
and America. They are convenient, and are easily kept in order; for 
scientific work, however, they are hardly suitable. Two sizes are 
made, one, a small machine, occupying but little space and requiring 
very little power to drive it, and another, of much larger form, suitable 
for railway work. 

Of these the larger machine only will be described. It has a 
cylindrical journal against which work two brasses, one above and 
the other below. Slung from the upper brass is a hollow pendulum 
containing a strong spring, the upper end of which lifts the bottom 
brass against the journal, whilst the lower end depresses the pendulum 
and helps to weight the upper brass. 

Fig. 73 is a side elevation, with the brasses and pendulum in section, 
and lig. 74 an end elevation of this machine. The hollow shaft A, 
driven by a cone pulley B, is mounted on a strong cast-iron stand, 
the forked ends of which form the bearings upon which it runs. One 
end of the shaft projects beyond the bearing and is fitted with a bush 
C, on the outside surface of which the oil tests are made. This 
enables various metals to be used as bearing surfaces, for the bush 
can easily and quickly be removed and another put in its place. The 
box K E, forming tin* head of the pendulum, holds the two bearing 
brasses 1>, on which the pendulum is slung from the journal. 
In order to enable the operator to vary the pressure of the brasses 
against the journal at will, the pendulum is constructed as follows, 
A wrought-iron tube II, shewn in fig. 73, is screwed into the axle- 
box K, which passes round the journal and holds the bearings 
I) in position. In the upper part of this tube is loosely fitted 
a distance piece O, which, by the action of a strong spring below it, 
forces the under brass against the journal. The end of the spring 
does not press directly against the distance piece, but upon a screwed 
washer, K, threaded upon a rod M, which has a square end, by 
means of which it can be rotated. At its lower end the spring rests 
upMi a cap I, screwed to the tube II, and by it the stress on the 
spring is brought to hear upon the upper bearing 1), as well as on the 
lower one. To compress the spring and increase the load on the 
bearings, the square end of the rod M is rotated, which actuates the 
washi-r K, to which is fixed the index finger. A scale, screwed to 
the tube II, shews the weight per square inch and the total weight on 
the brasses for every position of K. A ready means of taking the pres- 
sure oil' the brasses is furnished by the nut P, which can be screwed 
d»wn until the key R, against which it presses, separates the distance 
piece O from the bearing. 

It is evident, that any friction between the blocks I> and the 
journal C will cause the pendulum to move in the direction of 
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revolution of the shaft, and the greater the friction the further will 
the pendulum swing. As the moment of resistance of the pendulum 
varies with its weight and the position of its centre of gravity, it is 
possible to vary very considerably the scale on the arc W. When 




Fio. 73. 



an open scale is required, the weight J is removed ; a counterbalance 
can also be placed on a pillar screwed into the top of the axle-box E. 
Of course, each alteration of the position of the centre of gravity of 
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Thurston graduates the scales on his machine on a nominal area basis ; 
however, from the following formulae the scales can be graduated to agree 
with actual areas of contact, and from them the true coefficient of friction, 
etc., can be obtained. 

Let r = radius from centre of journal to centre of gravity of pendulum. 
Tq = radius of journaL 
W = weight of pendulum. 
a = width of brass (ue n length of arc of contact). 
6= length of brass. 

P = total pressure of brasses on journaL 
o=pressure per sq. in, 
T=load on spring. 

0= angle between pendulum and perpendicular through axis. 
fi= coefficient of friction. 
F= total frictional resistance. 

When e is equal to 90°, Wr=Fr . . (1) 

When it is equal to any other angle, Wr sin 0=Fr o . . (2) 

Therefore sin e=^ ( 3 ) 

Wr 

From equation (3), the graduations on the arc W are marked off so as to 
give the total frictional resistance F for any angle. 

From equation (2), the total friction = . (5) 

When the pendulum is a heavy one, and the compression on the spring i* 
such that the load on the brass is small, the load on the upper brass is, 

at all small inclinations, P X = T + W (6) 

and on the lower brass, P 8 =T (") 

When T is large and W is small, it is sufficiently accurate to make 

P=2T + W (S) 

and from this the left hand side of the scale N is graduated. 

P 2T + W 

Under similar circumstances, the pressure per sq. in. is p = —, = — -— j— (9) 

From this equation, the graduations on the right hand side of the index 
plate are deduced. 

The readings given by the index plate N and the arc W enable the 
coefficient of friction to be calculated airectly, for 

_ F _ Reading given by arc W ,y* 

P Reading given by index N 

When experimenting with small loads on this machine, it must be borne in 
mind that the load on the upper brass is always greater than on the lower 
one. Under such circumstances, the maximum load is given by equation (6) 

P T-f W 

and the pressure per sq. in. is j9 = -* = — r — (11) 

It is impossible to always accurately measure the friction due to 
the upper and lower brasses respectively. When the lubrication is 
good, and the speed of rubbing over 3 feet per min., the friction 
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proportional to the area of the brass in contact with the journal 
d independent of the load, but, when the speed is small, this is 
»t the case, and it is impossible to obtain accurately the coefficient 

friction of either the upper or lower brass. 

Metlwds of Working Thurston's Machine. — When about to use the 
achine, the pendulum should be removed from the journal C, and 
e pointer adjusted by turning the screw M, projecting from the lower 
d of the pendulum, until the index K shews the pressure it is desired 
put upon the brasses. To enable the brasses to slide easily over the 
urnal, they can be forced apart by screwing down the nut P, which 
ill be found immediately under the axle-box E. When this has 
ten done, the brasses will slide freely off the journal. 
Before testing each sample of oil, the pendulum must be removed 
id the brasses and journal cleaned with great care ; for the effect 

an oil may be felt in successive tests long after a new lubricant 
is been applied. This results from the contamination film, which 
mains even after the surface has been rubbed bright and apparently 
Jan. Alcohol, gasoline or benzine^ which themselves evaporate very 
mpletely and leave the surfaces they have wetted dry, serve to 
move the lubricant from the pores and crevices of the surfaces and 
so from the oil- ways, etc. One or other of these liquids should be 
jely used after each test, care being taken to leave no worsted, 
tton, or other foreign material on the surfaces, and to allow ample 
ne for the spirit to evaporate before putting on the fresh lubricant. 
Before releasing the nut P and allowing the load to come on the 
asses, it is advisable to moisten the journal with oil and to allow 
e machine to run with the weight of the pendidum alone on the 
ass, so as to distribute the lubricant. When this has been satis- 
ctorily accomplished, the machine should be stopped, and, by turning 
e nut P, the lower brass entirely released, so that the spring may 
ess it against the journal. The machine may then be again started, the 
icessary speed having been secured by adjusting the gearing, straps, 

motor resistances, a proper rate of feed being kept up during the 
periment. The bearing should not be allowed to run dry, for the 
mporary decrease of friction, which often occurs before the surfaces 
ize, may lead to erroneous deductions. 

When not fitted with an automatic recording apparatus, observa- 
>ns of the frictional resistance encountered, as well as of the 
mperature of the air and journal, should be made at intervals of 
e or more minutes, until the readings become constant, when the 
periment may be terminated. 

The ordinates on the recording drum shew the total frictional 
3iatances, and the abscissae the number of revolutions made by 
e journal. On one such diagram, during the first five hundred 
volutions, the test shewed that the friction first increased and then 
11 rapidly until the temperature of the bearing reached 100°, while, 
ter 20,000 revolutions, both friction and temperature remained 
natanl 
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each other so closely that the oil pressure- film cannot form properly. 
It is essential that the bearing surfaces should come into close jnxta- 
in if we are to obtain a correct estimate of the value of different 
ironzeo, and white metals, for these metals are only used to 
ble the bearing to carry its load without suffering abrasion when 
,he conditions of running are such that the oil pressure- film, main- 
tained by the viscosity of the lubricant, cannot form, and the surfaces 
approach each other closely. 

For tests of this kind, the brasses should be allowed to extend over 
only about one fifth or sixth of the circumference of the journal, and the 
ition may bo supplied by well -moistened pads at the sides. With 
a load of 150 or 200 lbs, per square inch, a series of tests made at speeds 
varying from 1 to 100 feet per minute will enable a very character- 
Bire of the lubricant to be plotted. A series of tests made with 
increasing to 500 lbs. per square inch or more, the speed being, 
Bay, 1 foot per minute, will also give results which vary with different 
' tints and bearing metals. 
The loads must, of course, be varied so as to meet as nearly as 
bte the conditions under which the lubricant will work in practice. 
For the purpose of distributing the lubii uly over the 

d, and of preventing both it and the bra&ses from wearing in rid 
the latest form of Thurston's machine is fitted with an eccentri* T 
73, which slowly moves the brasses backwards and forwards along the 
ournal. With this device attached, the readings obtained by making 
series of tests of the same lubricant shew fewer and smaller die- 
pancies than can be obtained when the brass has no lateral play. 
Thurston states that his machine may be used fur fchc purpose of 
ascertaining the gumming properties of lubricants^ and also their 
durability. No doubt with care some idea on these points may be 
obtained by the use of mechanical testers, but such tests are usually 
better made by physical and chemical methods. 

Many lubricants when exposed to the air take up oxygen and 
become thick, />., they gum. This change in the viscosity may be 
scarcely appreciable when the liquid is kept in bulk, hut when it is 
spread over a bearing as a thin film and exposed to the air, it may 
rapidly become a sticky mass and cease to lubricate. Although the 
extent to which this change takes place can be more satisfactorily 
measured by methods which have already been fully described (p 

useful information may sometimes be gained by measuring 
the effect produced upon the friction coefficient The bearings should 
be lubricated with just sufficient oil to wet them well and yet not run 
off. The journal is then run at a speed of about 100 feet per minute 
with a very light load, and the friction and temperature noted when 
they have ceased to vary appreciably, Both brasses are then removed, 
and the contact surfaces, protected from dust and dirt, are allov 

I remain exposed to the air for a day or two. The brasses are then 
replaced in the machine and a test made as before. If the oil has 
r;ened, the friction and heating will be greater than before. 
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only be properly made by cutting away the brasses, 
md running at slow spi 

ie. — -This machine was built bo 
like I losely resemble those of a cam 

locomotive axl m only one bearing, which rests up 

tig. 76. The bearing carries the beam C, which has 
la upon which rest the Hid 

; is a small beam and pan. 
When the journal is in motion the link 1) is depressed, but by 
pan of the small balancing lever it 
» r P indicates that the beam is in its normal position 



Fig 



i a measure of the f Fictional n 
ic and wheel y a worm on 

shaft. It keeps continually moving to and ho, 

eaaary to cause the surfaces to remain free from grooves. 

constantly luhrieal 
counter, and T a thermometer 
to shew tro of the journal. 

toodman says, when accurately adjusted, 
ly than Tower's machi 

The ! 
\ are easily accessible, and * I -haft is qu 

tula are I .» the 

fton 
ieh. But the dlsudva 
no u that the most scrupulous accuracy is required in making 
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tl» t-^a* exactly equal, while the weight, beam, and links must 
L*: :*r tXAcily haloed. The balancing of the weights and beam 
2* #-5*»: , s#£ k* f:-~:-ws: — 

JLfser lie >ea=: has been machined very accurately, so that the 
^i^* i=.v writ! the brasses fit are central with the knife edges on 
▼"— 'JL si* w^i^t* hang, a temporary knife edge is fitted in the 
Ktt :£ tie ;jkVs. asd the beam itself balanced upon it. The linb 
v :*ttt ii* weirLt* Lavirg been hung on and balanced, the knife 




edge is removed, and the brass having been fitted in is placed on a 
short mandril which it exactly fits. The whole is now placed on a 
smooth level plane, and the beam again balanced by adjusting the 
brass in the jaws until the centre of the mandril is central with the 
knife edges ; by this means a practically frictionless vibrating balance 
is obtained. The weights themselves are placed on the links, and 
each pair balanced and marked. 
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After the machine has been running for some time its balance is 
disturbed, unless the direction of motion has been periodically 
reversed. This results from the wear being chiefly confined to the 
4 off' side of the brass, a point to which attention has already been 
called. The inequality of wear is occasionally very rapid under 
heavy loads, a few days' hard running causing the brass to wear '01 
inch out of centre. Suppose the load to be 1 ton, or 2240 lbs., which, 
'with an equivalent length of arm of 72 inches, gives an error of 

0-01x224 = ^ 11 ^ (12) 

72 

in the scale pan ; this, with a 7-in. shaft, becomes an error of *0028 
in the coefficient of friction, or an error in some instances of as much 
as 100 per cent. Thus, a very small error in construction, or any 
displacement due to uneven wear, has a serious effect upon the 
readings, a possibility which should never be lost sight of. 

The coefficient of friction is calculated as follows : — 

Let r = radius of journal. 
P= weight on brass. 
F= total frictional resistance. 
r= length of main beam. 

2 = leverage of scale beam. 
W=weight in scale pan. 

Then ^=Fr (13).-.F=^ .... (14) 

** ">=P=P^ < 15 > 

BeaucJiamp Tower's Experimental Testing Machine. — With this 
machine, a series of experiments was made on the friction of journals 
by a Committee of the Institution of Mechanical Engineers.* By 
using pad and bath lubrication, and running the journals at moderately- 
quick speeds, results were obtained which were closely in agreement 
with each other, and which demonstrated that under some conditions 
of running the friction of a journal is extremely small, and is 
independent of the nature of the contact surfaces. A theoretical 
examination by Prof. Osborne Reynolds! of the results obtained 
shewed that the friction was wholly due to the viscous properties of 
the lubricant, and independent of the nature of the surfaces or of the 
oiliness or greasiness of the lubricant. 

As the viscosity of a lubricant can be more satisfactorily determined 
by the use of a properly-constructed viscometer, and the conditions 
obtaining at high speeds do not give any information concerning the 
oiliness of the liquid used, nothing in the nature of a test of the 
quality of oiliness can be made with Tower's machine, unless the 

* Pro. Inst. Mech. Bng., 1883, p. 632. 
t PkU. Trans. Roy. Soc t 1886, p. 165. 
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conditions of speed and load be such that the oil pressure-film doe? 
not form. However, as the results obtained with this machine 
enabled the true theory of ' perfect ' lubrication to be worked out, a 
description of it will not be out of place. 

Upon the rotating journal A, fig. 77, rests a brass bearing B, held 
in a frame C. A knife-edge, secured to this frame exactly beneath 
its centre, supports the weights by means of which the load is applied. 
The turning moment, resulting from the friction of the journal and 
brass, is balanced by means of weights placed in the scale pan slung 
from the light iron frame D. A pointer E and graduated scale 
indicate when the frame is in its normal position. The bottom of 
the journal is kept well lubricated by the oil-bath H into which it 
dips. 




Fio. 77. 



When working with a weight w in the scale pan, the coefficient of friction 
is obtained as follows : — 

Z . . - . . (16) 

F W ° .... (IT) 



Fr = vnr.\F = 



and 



Ml P " iv 



"When working with a pointer E and no scale pan, and measuring the 
angle 0, the centre of gravity of the weight being displaced a distance r 1 on 
either side of the centre of tlie journal, \V = P, 



Fr =Wr 1 /.F= — 



(18) 



and, 



Mi = r 



(19) 



Goodman's Oil-Testing Machine, — This machine (figs. 78 and 79) 
is a modification of the form used by Mr Tower, the correctness of 
whoso experimental work has been amply confirmed by its use. A 
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number of the experimental results obtained with this machine have 
already been given. It is thus described by Prof. Goodman : — 

A is the journal on which the frictional resistance of the brass B is 
measured, it is tightly fitted into the cast-iron stirrup C, and the 
weights are suspended from it by the link D, which rests on the 
knife-edge E. The oil bath F is filled with oil, into which the 
bottom of the journal dips. A lubricator G is provided for siphon 
experiments. The temperature of the journal can be kept fairly 




Wtfhfs^ 



w 

Fig, 78. 



constant by using the circulating water pipe H, the waste from which 
is carried away by the pipe J. The shaft is driven by the lathe 
chuck K, the revolutions of which are registered by the counter L. 
The temperature of the brass is registered by the thermometer M. 
The arm carries the scale pan Q, which is suspended from the 
knife-edge S, the whole of which is counterbalanced by the weight N. 
The pointer P indicates when the arm is horizontal, the long arm of 
which is balanced by the small weight R. 

Disc and Collar Machines — Suitability of, for Oil Testing. — The 
wedging action of the lubricant, resulting from the different radii of 
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the surfaces of cylindrical journals and the brasses which rest upon 
them, does not affect the lubrication of collar- or disc-shaped surfaces 
to any very great extent. On this account, the loads which such flat 
bearings will carry are about £th part of those which may be put upon 
journals. Collar and disc lubrication mainly depends for its efficiency 
upon the oiliness or greasiness of the lubricant used. Such bearings 
would, therefore, seem to be well calculated to give good results in 
oil-testing machines. Of course they will always give comparatively 




Fig. 79. 



high frictional resistances, and, therefore, must not be regarded as 
suitable for comparison with those obtained with the cylindrical bearings 
of actual working machines or machine tools. However, as the con- 
ditions which obtain in lubricated bearings become better understood, 
it seems likely that disc or collar machines, highly loaded and running 
at moderate speeds, will be more and more extensively used for oil- 
testing purposes. 

MarXawjht's Ttsting Machine. — This, which is one of the earliest 
forms of disc oil-testers, is shewn in fig. 80. A vertical spindle A, 
driven by a pulley D, carries on its upper end a circular plate & 
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n this pla i disc P, b projecting stud on which, when tbe 

it rotated by the friction between it and the rotatiu. 'low, 

i against a pin fixed on an arm attached to the Weighted lever 

GH, A few drops of oil h u placed between the plate and 

disc, and the apparatus set in motion, the adjustable weight J is 

I anti] b condition of equilibrium is established. 

Ii' ig Machine* — This machine is an improvement 



HCI 



Fro. 80. 



on that of MacXaught The lower disc is fixed to the upper end 
of a vertical shaft to which the driving pu i ured. The upper 

bearing surface is an annular ring placed somewhat eccentrically with 
the <] to secure uniform wear. The ring is hollow, i 

by a vertical partition into two pass rogh which wal 

I to control tin* temperature, and the sides and top are surrounded 
by a hood of hard india-ruhh I with cider -down. The tofl 

v weights placed beneath the table and slung from a cross 
bar resting upon a vertical spindle, the thrust of which is transmit!. .1 
to four points on the upper ring by a cross-shaped lever and central 
nt. The which carry the upper shaft can 

be rotated in different directions I duce 

tbe frictional resistances. This arrangement allows the annul:.: 
to rol i several degrees and actuate a spring dyi 

meter wl n the friction »1 aces, the cross beam, weights, 
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kg frBfl to move with it. The lubricant under trial it 6 
by i sight feed oil it, through the contra! o 

lower d ; 
number of revolutions made in any given time, and ;ueler 

te rise of temperature, 

—This machine, which is 
ld fig- 81, resembles Woodbury's machine in some re^i 
The load is applied by a lever and weight which force! mcd 



)W 



"tif*V 



Fio. 81. 



bronze blocks, each having a surface of I timetre>\ 

contact with a rotating disc below. The turning moment is mea^ 
by means of a pendulum, actuated by a steel band i the 

disc carrying the friction blocks S S S. An automatic record is drawn 
upon a sheet of paper stretched upon a small trolly set in moti. 
a pendulum, the pencil being fixed to a travelling arm. 

<>ll m- Oii ; ! 

machine for measuring the friction of journals, two Other uin* 
were designed and experimented with by Mr. 1 
Une was for measuring disc- and the other collar-friction. 
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1 apparatus used for measuring the friction of lubricated < 
is shewn in figs, 82 and 105 (p. 381). The vortical shaft carrying 
the footstep gears into a horizontal shaft, the driving pulley on v 
can be changed to give the required speeds. A bald steel centre, 
secured to the bottom of the bearing B, rests upon a plunger fitting 



> 



Fig. 82. 

the cylinder P, whilst the vertical driving shaft is jpper 

and with a piston T of the same diameter as that of the cylinder 1\ 
trying the pressure of the oil, which is supplied by a hand-pump 
with air vessel, the pressure apon the ram can be i give 

any desired load upon the contact surfaces. Two radial 



i 



C 



Fig. 83. 



the bearing, shewn on a larger scale in fig, 105, pass from the centre 
of the bearing face to within a short distance of its circumference, and 
the motion causes the lubricant to flow out at its periphery into the 
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annular space surrounding B, from which it passes through a spout^ and 
drops into the pipe, from which it again enters the hearing. A pulley 
L, actuating a spring, shews the frictional resistance of the surfaces. 

The machine shewn in fig. 
83 was designed to measure 
the friction of a collar. The 
weight was applied hy a deli- 
cately adjusted spring S, one 
end of which abutted against 
the front disc D, while the 
other end pressed against a 
nut N on a central holt B 
connected with the disc C. 
The two discs rotating to- 
gether, and pressing on the 
steel ring B, tended by friction 
to carry it with them, but were 
prevented from doing so by a 
horizontal lever attached to 
the ring, the friction between 
the ring and discs being meas- 
ured by a spring-balance at- 
tached to the end of the lever. 
The methods of lubrication 
used, and the conditions under 
which the experiments with 
this machine were made, were 
not such as met with general 
approval, it being considered 
that the information gained hy 
its use was not so complete as 
the machine was calculated to 
furnish. 

Bailey's Pendulum OU~Tr*t- 
ing Machine. — Thi3 tester was 
designed for testing such oils as 
are suitable for watches, clocks, 
and other small machines. The 
small brass disc linked to tho 
pendulum (iig. 84) rests upon a horizontal plate. When the pendulum 
is set in motion the friction of the disc slowly brings it to rest, the 
friction of the rubbing surfaces being estimated from the time it takes 
to do this. 




Fio. 84. 



CHAPTER X. 

THE DESIGN AND LUBRICATION OF BEARINGS. 

Forms of Bearing Surfaces. — Bearings are the surfaces of contact 
between the moving parts and the frame of a machine, or of one 
moving part and another. They guide the motions of the pieces they 
carry, and their shapes depend on the nature of the motions required. 
When, for instance, the piece is required to move in a straight line, 
the bearing must be either plane or cylindrical, with the axis in 
the line of motion. On the other hand, rotating pieces must have 
surfaces accurately turned to figures of revolution. 

The parts of moving pieces which are in contact with the bearings 
may be classified as slides, gudgeons, journals, bushes, pivots, and 
screws. We also have to deal with c line ' contact surfaces which, if 
they do not act as guides, yet have tangential motion. 

Owing to the weight of the moving parts, or the stresses the 
machine has to transmit, the bearing surfaces are pressed together 
with considerable force. Consequently, not only must the moving 
parts and the frame of the machine be strong enough to bear the 
stresses to which they may be subjected, but the contact areas must 
be sufficiently large to prevent overheating and undue wear. To 
secure the required area of bearing, the rubbing surfaces are frequently 
made very long and narrow, whilst in other instances they are square, 
or approximately circular. 

Nature of Surfaces in Contact. — Although it is true that, in the 
majority of instances, the selection of a suitable lubricant, and its 
proper method of application to the surfaces, are of paramount 
importance, it very frequently happens that the conditions of working 
are such that particular attention must be paid to the nature of the 
surfaces which are to work in contact, otherwise rapid wear will take 
place. Such wear may result from the fact either that the rubbing 
surfaces are exposed to the atmosphere and become dirty and gritty, 
or that the bearing surface is merely a line, or that the motion is too 
slow or too fast and the load heavy. 

The possibility of maintaining a machine in good condition without 
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the frequent renewal of parts, depends largely upon the care which 
has been exercised in designing it so as to secure the conditions under 
which perfect lubrication is obtained. When the conditions are rack 
that perfect lubrication is impossible, care must be taken to make the 
rubbing surfaces of as durable a material as possible. To effect these 
objects under the diverse conditions of everyday practice, a large 
number of devices have been introduced, a few of the principal of 
which we purpose describing. 

Protection of Bearing Surfaces. — It is now becoming the practice, 
wherever possible, to carefully protect all rubbing surfaces by inclos- 
ing them in dust-proof cases, which shield them from grit and dirt 
Too much attention cannot be paid to this point in the design of all 
kinds of machinery, but it is essential that the chamber in which the 
moving parts are placed should be fitted with openings, which admit 
of free access to all the bearings. 

Chain and spur gear, especially, should be well protected. Cycles, 
for example, have all such parts made as dirt- and dust-proof as 
possible, and the bearing surfaces are thereby enabled to work freely 
on each other, and their durability is much increased. 

Individual bearings, such as axle-boxes for railway vehicles, are 
also made dust-proof ; for, now that oils which will not seriously gum 
or turn acid can be obtained, lubricants may be used over and over 
again, provided they are kept free from dust and dirt. 

Materials and Lubricants for Bearing Surfaces. — Before tiV 
introduction of mineral oils for lubricating purposes, the necessity of 
paying considerable attention to the nature of the contact surf air* 
was not so great as now, for, as both animal and vegetable lubricants 
remain fairly viscous when heated, and possess the property of oiliness 
or greasiness very markedly, metallic surfaces, separated by fatty 
oils, unless subjected to excessive loads, seldom injure each other 
seriously. On the other hand, since the introduction of the less l oily ' 
mineral oils, it has been found more and more necessary to use the 
so-called * antifriction metals ' as bearing surfaces. Indeed, a study of 
the effects produced by varying the nature of the metallic or other 
surfaces in contact has, of late years, been forced upon the engineer 
by the conditions of running and the nature of the lubricant? 
available, with the result that greater attention is now paid to t-lii.* 
point in machine design. Of course the advantages gained by niakii:: 
the bearing surfaces of different materials were recognized at a very 
early date ; but brasses and bronzes of various kinds, working against 
iron or steel, proved quite sufficient, as a rule, to prevent seizing and 
heating. 

As, when two clean surfaces work against each other, the softer of 
the two (providing they do not seize) wears much more rapidly than 
the harder one, it is well to make that surface which is most easily 
and cheaply replaced of the softest material. The rubbing surfaces 
of a bearing are, on this account, removable pieces (steps or bushes), 
which arc easily replaced by new ones. 
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Indeed it is not too much to say that the introduction of mineral 
oils, and the recognition of the true part played by viscosity in lubrica- 
tion, have -necessitated great alterations in the principles of design so 
far as the contact surfaces of machines are concerned ; for mineral 
oils, although stable even when heated, and giving excellent results 
on properly designed hearings, are generally deficient in the power of 
maintaining lubricating films between bearing surfaces when the 
speeds are low, or when the faces are pressed together by heavy 
loads. 

Exposed Rubbing Surfaces. — There are numerous instances in which 
rubbing surfaces cannot easily be protected from air, water, dust, etc., 
and in which the lubrication cannot but bo imperfect. As a rule 
when this is the case, neither of the surfaces are made of a soft 
materia], as grit, etc., may become imbedded in the surfaces of the 
metal and act as cutting tools. Various hard substances are brought 
into requisition for such purposes ; for the load to be carried, the 
speed of rubbing, and the presence or absence of jars or knocks have 
all to be taken into account when selecting a suitable material. In 
some cases toughness, as well as hardness, is of importance, whilst in 
other cases a hard but comparatively brittle material will give the 
best results. 

Hardening of Bearing Surfaces.— Hard Steel Surfaces.— In the 
case of line contact, such as occurs in the various forms of trip gear 
for Corliss engine valves, the best results are obtained with tempered 
steel faces, screwed, or otherwise secured, to softer metal supports. 
Such faces last well if reasonable care be, taken to keep them free from 
grit, and to lubricate them well with a fairly viscous oil. 

Hard steel surfaces having considerable contact areas, and which 
carry heavy loads, are, as a rule, made to work against softer materials. 
"When two such hard surfaces have to work against each other, 
they must be very accurately fitted, and such provision made in the 
design as will admit of an equal distribution of the load, even if the 
parts should not run quite accurately together. 

Low carbon steel, if used for shafting, cranks, journals, and the like, is 
very apt to give trouble, the metal being too soft to make good bearings. 
On this account, engine makers now order steel containing as much as 
0*4 per cent, of carbon. With such material every care must be taken 
to insure thorough annealing, otherwise large masses will prove diffi- 
cult to work and rather brittle. 

In many instances, the conditions of work are such that efficient 
lubrication is impossible. For instance, parts of sewing machines and of 
watch and clock mechanism, knitting machines, and many other con- 
trivances, such as machine gun mechanism, have to depend very 
largely for their durability upon the hardness of the bearing surfaces 
and their suitability for working in contact with each other. Many 
rubbing surfaces upon which the load is small are never really lubricated, 
for even the contamination film is rubbed off. In such instances, it is 
absolutely necessary that the materials used should be exceedingly 
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shews a silvery fracture. In the cooling process, however, the casting 
is much distorted. To remedy this, the pattern must be made of such a 
shape that the cooling effects shall draw the casting into the required 
form. To reduce the risk of fracture, it is customary to make chilled 
surfaces in loose pieces, which can be bolted to the frame of the 
machine or to its moving parts. 

Estimation of Hardness. — Although we speak of bodies as being 
hard and soft, these are scarcely scientific terms, for the hardness 
of different substances measured in different ways is by no means 
always the same. For our purpose, hardness may be defined as the 
resistance offered to permanent plastic deformation. We must clearly 
distinguish between mere skin hardness and the hardness of the mass 
of the metal, for, exposure to air, etc., or mechanical and chemical 
treatment, will often harden the surfaces of even soft bodies 
considerably. 

A series of experiments by Bottone; who measured the load necessary 
to produce a cut of definite depth, shew great differences in the hard- 
ness of different metals. In his scale of hardness, the diamond is taken 
at 3010. His determinations of the relative hardness of twenty metals 
are as follow : — 



Table XCIII. — Relative Hardness op Metals. 



Manganese, 
Cobalt, . 


1456 
1450 


Gold, 
Aluminium, 


979 
821 


Nickel, . 


1410 


Cadmium, 


760 


Iron, 


1375 


Magnesium, 


726 


Copper, . 


1360 


Tin, 


651 


Palladium, 


1200 


. Lead, 


570 


Platinum, 


1107 


Thallium, 


565 


Zinc, 


1077 


Calcium, . 


405 


Silver, 


990 


Sodium, . 


400 


Iridium, . 


984 


Potassium, 


230 



Prof. Unwin has devised a method of measuring hardness by using 
a straight knife-edge as the indenting tool. Several series of observa- 
tions of the indentations produced in § inch bars of different metals 
with various loads were made, and for each metal a constant was 
deduced which is a measure of its hardness. It was found that the equa- 
tion C i =p l ' 2 may be taken as the relation between the load and in- 
dentation, C being a constant giving the relative hardness of the 
metal tested, i the depth of the indentation in inches, and p the pressure 
in tons per inch width of knife-edge in contact with the bar. 

Using this formula, Prof. Unwin obtained the following relative 
hardness of a number of metals : — 

Cast steel, normal, 554*0 

Brass No. 2, 2460 

Brass No 1 2AVQ 

Mild steel, m^ 

Copper, nmnnealed, \^V^ 



i-i 



i*naa:iTBBT asd ucbeic&sts. 






1035 

62-0 

418 

40*8 

4*2 
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*-;- scri^-i zi*ti>L "wii:-! ??' , i : v to be described. 

v-_i r ^uiL:»i 2? Ziia sz.ia: j* f :«■ very hard or brittle bodies, or 
-->!-?» ^ " r >=*:* iii-izrtaB. Tne iaiser rnay be best ascertained 
- 1^-: :c Z in*? j =CLr?<r:ci»*-S£r Lirlness measurer), a modified form 
' i- \ ±z*^L:*rL "rj H.;.t=.« azsi El^Ttn,* is shewn in tig. 85. 
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Steatite, 1 

Lead, commercial, 1 

Tin, 25 

Zinc, annealed, 6 

Copper, 8 

Softest iron, 15 

Mild steel, 21 

Tire steel, 20-24 

Hard cast iron, 36 

Hardest chilled iron, 72 

Materials for Bearings. — Cast-iron. — Excellent bearing surfaces 
are made of unchilled cast-iron. The only objection that can be 
urged against this metal is that it is rather brittle, especially when 
heated by friction. It not only works well in contact with steel or 
wrought-iron, but also against itself. Even when heated it does not 
seize readily, the surfaces grinding to powder and remaining free to 
slide over each other so long as any solid material remains. On this 
account it answers well for steam cylinders, in which the lubrication 
is apt, at times, to be very imperfect. Loose pieces are not re- 
quired, for the barrel and valve faces are merely machined portions 
of the casting. 

The suitability of cast-iron for bearing surfaces arises, no doubt, in a 
great measure from the presence in the iron of particles of graphite 
and to its porous surface into which the lubricant insinuates itself. 
Sometimes powdered solids, such as plumbago, are used as lubricants 
for cast-iron surfaces, the powder being dusted upon the exposed 
portions of the rubbing surfaces. 

Bronze. — In the majority of instances, the material of which a 
bearing is made must not only differ in melting-point and hardness 
from that of the surface against which it rubs, but it must also be 
sufficiently strong and tough to stand heavy blows and great stresses 
without fracture. Copper, although it possesses a high malleability, 
softness, ductility, toughness and tenacity, is not a suitable metal of 
which to make bearings, for it can only with difficulty be made to 
produce sound castings, and is too tough and close-grained to be easily 
shaped in a lathe. Copper is therefore alloyed or mixed with other 
metals, forming gun-metals, bronzes and brasses of various kinds. 
The metals added are generally tin and zinc, and occasionally lead, 
antimony, and iron. 

Gun-metals are alloys of copper and tin in various proportions. 
Not only does the tin greatly increase the hardness of the alloy, but 
it makes it more fusible, and enables excellent castings to be obtained. 
Many of these mixtures are not uniform in texture, whitish spots of 
an alloy, rich in tin, being distributed throughout the mass. To 
insure an intimate mixture of the metals, bronze castings are 
frequently chilled either in the mould, or by immersion, when red- 
hot, in water. This rapid cooling prevents the segregation ot W\^ 
metals, or alloys thereof, much in the same -way a» OdS&x^ \jw**sv^ 
the carbon in cast-iron from separating as gra\>\Y\ta« 
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Ordinary bronzes contain zinc as well as tin, the presence of the 
former metal much facilitating the casting process. Tin confers hard- 
ness upon the alloy, thus rendering the mixture less liable to seize and 
injure the bearing surfaces when overheated. The tin and zinc also 
prevent the bronze from tearing while being machined, and enable it 
to be died and machined with ease to the required shapes. When the 
copper reaches SO per cent., the alloys are often capable of being 
forced at a red heat. Gun-metals for bearings sometimes contain as 
much as IS per cent, of tin, and being rather softer than wrought 
iron, or mild steel, wear more rapidly. On this account, except when 
i he load* are very heavy, they are suitable for steps upon which 
routing pieces are supported. 

The addition of phosphorus, in small quantity, to copper and tin 
appears to have a good effect upon the alloy, and greatly increases its 
loa.i- carrying power. For pinions, and valves, about 7 per cent, of 
tin is added to the copper, and 0*1 per cent, of phosphorus; but when 
great strength and hardness are required, 8 or 9 per cent, of tin is 
ad led. and about 1 per cent, phosphorus. Phosphor-bronze is much 
used for axle-bearings, slide-valves, bushes, cog-wheels and all parts of 
luaohiuery which are subject to much friction. Although the pro- 
portion of phosphorus present is small, it exerts a very beneficial 
etfeet upon the mixture. Its action, however, rather results from 
a refining influence than to the formation of a phosphorus com- 

V ■*".*!' 1. 

M..:-.^:nese :-ror..-es, both with and without zinc, are made hy 
i::t :■•■.!'.:. ing a proportion of ferromanganese into bronze or brass. A 
variety f:-.v froni :iiu\ which has great strength and toughness, has 
• va •.:-* 1 f.-r wry largo bearings. Great strength and toughness has 
als> le- -. se.ured by adding aluminium in small proportion. 

l»:o::/^, >f various qualities, are very extensively used for bearing?, 
w^rkiv.g botli with and without lubricants. In many cases, such as 
v.;;. r- ti.e alloy works against the bearings of cast-iron rolls, the 
heat iv<"l:ir.g from excessive friction is prevented from raising the 
t.-::-/v:.:tu:v unduly by a stream of water. Bronzes are also used 
for i caring >urfaees working against steel and iron, when the load is 
t: •>*. < x. e^ive and tiuid lubricants are used, also for steam engine 
slule-vaives working against cast-iron surfaces, especially when the 
load resulting from the steam pressure is great. Bronze and cast-iron 
surf. ices are very hard and unyielding, and, unless the surfaces are 
very true and run accurately upon each other, they are apt to bind 
heavily in places and cause over-heating, more especially if non-oily 
i-r non-greasy lubricants are used. 

"When zinc is substituted for tin, the alloy is a brass. For bearing 
surfaces brass is by no means so good as bronze. Nevertheless, as 
zinc is much cheaper than tin, and brasses are less expensive than 
bronzes, they are much used in cases where, owing to the loads being 
light, strength and ductility are of secondary importance. 

In Table XCIV. th- n tage composition is given of several of 
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Hoys used for bearings. They are arranged according to the 
tion of copper which they contain. 



XCIV.— Percentage Composition op Machine Bearings, &c. 



Description. 


Copper. 


Tin. 


Zinc. 


Other Metals. 


wheels, .... 


910 




9*0 




trie rings, . 
hard axle bearings, 


900 


77 


23 


... 


89*0 


... 


110 




balls, . . . 


87*0 


12'0 


... 


Antimony 1 


lotive axle bearings, 


86*0 


... 


14*0 


... 


rig boxes, 


86*0 


11-0 


30 


... 


ary bearings, 


84*5 


13-3* 


22 


... 


Y bearings, . 


84*0 


12-0 


4"0 


... 


«, .... 


84*0 


7-0 


9'0 


... 


1 rings, 

ary bearings, 


84-0 


2-9 


8'3 


Lead 4-8 


836 


12-6 


3'8 


... 


inical instruments, 


82-0 


13-0 


50 


... 


notive axle bearings, 


820 


10*0 


80 


... 


h railway carriage 










rings, 


82*0 


18'0 


... 


... 


axle bearings, 


82*0 


160 


2-0 


... 


j-cock ways, . 


81-0 


... 


19-0 


... 


iiilic pumps, 

ller shaft-liners, . 


81*0 


... 


190 


... 


80*0 


6'4 


14'6 


... 


i whistles, . 


80*0 


170 


3"0 




y bearings, . 


77*0 


9'0 


14*0 


... 


e wheel pins, 


76-8 


174 


5*8 


... 


bearings, 


750 


4-0 


210 


... 


rately hard axle bearings, 


700 


22*0 


8*0 


... 


trie rings, , . 


66*0 


155 


18*5 


... 


ller boxes, . 


67*0 


14*0 


29-0 


... 


) metal (pumps), . 


650 


6-0 


225 


Iron 16*5 


e, 


340 


50-0 


160 


... 



ie-metal. — White-metals, sometimes known as white brasses, 
¥ coming largely into use, owing to the comparative ease with 
they can be scraped down to form smooth and polished sur- 
ind the satisfactory way in which by their use the friction is 
w under conditions which do not admit of perfect lubrication, 
earing surfaces are also cheaper than those made of bronze, for 
ital removed by wear can be replaced at very small cost, and 
t destroying the bronze, brass, or cast-iron step of which it 
the rubbing surface. The use of white-metal also, in many 
snables mineral lubricants deficient in oiliness to be used in 
f the more costly fatty oils. The mineral oil of Pechilbronn, 
iance, has been found very satisfactory when used in connection 
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with white-metal on the Eastern Railway of France,* where it 
was tried for high-speed railway vehicles. Not only was a great 
pecuniary saving effected hy using this oil as a lubricant in conjunc- 
tion with white-metal, but the number of heated axles was reduced 
in the proportion of about 7 to 1. 

Anti-friction, or white metals, are white alloys of copper, tin, 
antimony, lead, zinc, etc. It is seldom that more than three of these 
metals are used in any one mixture. The general practice is to cast 
recesses in the surfaces of bearings of the ordinary form, fill them 
with the white alloy, and then tool and scrape the surface so as to 
fit the shaft or journal they are to work upon. Generally speaking, the 
bearing block or 'brass' is made of a tough bronze ; for marine work, 
however, cast-iron is now largely used. The white-metal is let into 
the surface in longitudinal or diagonal strips which stand a little 
' proud ' of the cast-iron. This gives the shaft a chance of quickly 
producing a true smooth-bearing surface, which, as it wears, allows 
the shaft to slowly put a good face on the cast-iron as well. The 
initial process of producing a good face should be effected under easy 
conditions of running, so as to avoid over-heating. Being porous, the 
cast-iron surface is easily contaminated by small flakes of white-metal, 
which, to some extent, act as lubricants. If, from any cause, a bearing 
of this description should become over-heated and the white-metal 
melted away, then the surfaces of the cast-iron ribs carry the load, 
and if the bearing be kept cool by directing a stream of cold water 
upon it, the engine need not be stopped until a favourable 
opportunity offers. 

To ensure the adherence of the white-metal to the bearing, the brass 
or bronze surface should be well cleaned, washed with alcohol, 
powdered with salammoniac, heated, and then tinned. 

As white-metals liquefy at about 440° to 480° F., they may be melted 
in ordinary ladles and run directly into the recesses prepared for them, 
the journal or shaft side of the mould being outlined by a suitable 
loose iron block. As some of these alloys do not adhere very well to 
the walls of the recesses prepared for them, the supporting edges of 
the latter should be bevelled in such a way that the soft alloy is 
mechanically held in position. 

Some of the component metals being volatile at comparatively low 
temperatures, it is well not to heat the mixture more than is necessary 
to properly liquefy it. Care should also be exercised not to allow 
dross or other foreign material to get into the mould. 

Table XCV. gives a list of some of the white-metals which have been 
introduced. 

According to Dewrance, very little lead or zinc should be contained 
in white-metals which have to bo lubricated with oils containing free 
fatty acids, as these acids form soaps very readily with the two metals 
named, and therefore corrode badly. Tin is not attacked so readily, 
and the safer plan is to use an alloy composed principally of this metal 
* lievue Generate des Chemins de Fcr, April 1885, p. 210. 
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ght be expected from the great variations in their composition, 
Dials vary greatly in the extent to which they reduce the 
it of friction, and also in their toughness and hardness. The 
ieties when clean, and working against iron or steel at 
igly low speeds, give high coefficients of friction, but the heat 

ble XCV.— Percentage Composition op White-Metals. 



Description. 


Cu. 


Sn. 


Sb. 


Zn. 


Pb. 




tee's locomotive metal, 


22-2 


33*3 


44*4 








Y carriage bearings, . 
ison's alloy, 


22*0 


67-0 


11-0 


... 


... 


... 


190 


31-0 


... 


190 


... 


Fe31 


•y bearings, 




120 


... 


... 


... 


88*0 




a 




lO'O 


... 


10-0 


... 


800 


... 


earings, . 




90 


730 


180 


... 


... 




n bearings, 




8-0 


2-0 


2*0 


88*0 


... 


... 


Peking, 




7-78 


88*16 


3*51 


... 


25 




i navy, 




7-5 


85*0 


76 


... 






rod packing, 




7'5 


86*5 


35 


... 


2"5 


. . . 


navy, 




7-0 


7'5 


... 


78*5 


7*0 




earings, 




7*0 


76' 


17-0 


... 


... 


... 


bearings, . 




60 


87-0 


7-0 


... 


... 


... 


;tion metal, 




60 


14-0 


... 


80*0 


... 


... 


>n's metal, . 




60 


88*0 


• •• 


... 




fig 6 


s metal, . 




55 


145 




800 


... 




Y bearings, 




5'3 


84*2 


10-5 


... 


... 


... 


s alloy, 




60 


85*0 


100 




... 


.. . 


er bush, . 




5-0 


26*0 


... 


69 V 


... 




ry bearings, 




5*0 


81*0 


14-0 


... 


... 




>» 




60 


81*0 


... 


... 


140 




•earings, . 




4-0 


120 


82-0 


20 


... 




3 metal, 




4*0 


82-0 


14*0 


... 


... 




bearings, . 




20 


90-0 


80 


... 


... 


... 


3 metal, 




1-5 


45*6 


13-0 


... 


40-0 


... 


i alloy for pivots 




... 


46'0 


12-0 


... 


42'0 


... 


r^ lining alloy, 




... 


180 


25 


75-0 


4*5 


... 


y bearing?, 




... 


5-0 


160 


... 


80*0 


... 


ia metal, . 




... 


••• 


21*0 


... 


780 


Fel 


3 metal, 




... 


68-5 


2*0 


39*5 


... 


... 


railway carriage, 


... 


38*0 


25-0 


... 


370 


... 



I is so small and the adhesion of the surfaces so slight that 
:y is done to the rubbing surfaces. Should the pressure be 
heavy, the metal is merely flaked off, or flattened, the load 
, and the surface burnished. On this account, white-metal 
are indispensable for certain purposes ; as, for instance, when 
ft resting on the bearing cannot be made to run quite 
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As an illustration of the extent to which these soft metals reduce 
the friction when working on hard steel at ordinary speeds without 
unguents, we may instance the case of Magnolia metal Professor 
R. H. Smith states that when running with pure water instead of a true 
unguent the coefficient is as low as '03, the load being about 400 lbs. 
per square inch. With brass, under similar conditions, the friction is 
five times as great. 

When the pressures per square inch are great, or the bearings are 
subjected to severe shocks, very hard mixtures are required. Such 
an alloy is Dewrance's ' Wheel Brand,' which stands a high com- 
pression test. Soft metals under such circumstances suffer severely 
their surfaces being rubbed off in flakes. 

It will be noticed that most of the white-metals given in Table 
XCV. page 351 contain antimony. This metal has the important 
property of preventing the mass from shrinking much upon solidi- 
fication, or of actually causing it to expand and therefore fill the 
cavity in which it is run. When present in the alloy in large pro- 
portion, it makes the mixture very hard and brittle. The brand of 
Dcwrance's metal above referred to, for instance, which contains a large 
percentage of antimony, must be well supported, and must not 
be hammered after having been poured into the recess in the bearing. 
The hardening effect is, however, generally obtained by the use of 
tin and zinc, toughness by copper, and softness by lead. Zinc docs 
not alloy with lead in all proportions, and it will be found that these 
metals are seldom present together in alloys. Tin, on the other hand, 
alloys well with both copper and zinc. 

The high pressures, and, consequently, high temperatures, at which 
steam engines now work renders hemp, or other fibrous packing, 
unsuitable for piston rod glands, for the fibre is charred by the heat 
and the packing loses its firmness. Metallic packings are, in con- 
sequence, largely superseding vegetable fibre. The following is an 
analysis of a packing which stood well in the piston rod gland of an 
express locomotive : — 

Lead. Tin. Antimony. Copper. 

2*5 88-18 3*51 7*78 

When lead is used in place of tin the alloy is too soft, and the 
mcW is forced out of the gland in flakes. 

Sometimes such alloys are placed in the stuffing-boxes, either in 
the foriu of rings or solid segmonts, or they are fixed as segments in 
special frames which are free to move laterally so that no undue 
pressure shau be put upon the rubbing faces if the piston rod should 
not run quite true. Such packings require regular and good lubrica- 
tion, and the piston rods must be kept truly cylindrical, or the metal 
will shell out of the gland and steam escape. 

White-metals called 'Tandem Anti-Friction Alloys' are supplied, of 
three qualities. T^hey vary in hardness very considerably, and it is 
recommended that jthey be used as follows : — 
\ 
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Hard metal, A. — For heaviest pressure and medium speed, or 
for heavy pressure and high speed, such as main bearings of 
marine engines, boxes of large steamship crank-shafts, loco- 
motive axle bearings, bearings for rolling mills, dynamos, 
large wood-working, centrifugal and spinning machinery, 
emery wheels, etc. 
Medium metal, B. — For heavy pressure and medium speed, or 
medium pressure and! high speed, such as axle-boxes of rail- 
way wagons, tramcars, bearings of steam, gas, and oil engines, 
medium crank-shafts, rolling mills, grinding and pumping 
machinery, and all kinds of journals and ordinary shafting. 
Soft metal, C. — For medium pressure and high speed, or for low 
pressure and highest speed, such as the bearings of light 
machinery and shafting, for steamship tunnel shafts of all 
sizes, axle bearings of field, transport, and tipping lorries, for 
cement, clay and brick-works machinery, and also for bearings 
of high speed machinery. 
Aluminium. — Aluminium, owing to its lightness, is now to some 
extent supplanting brass and German silver for many small 
instruments, such as microscopes and opera glasses. However, tho 
metal is not only difficult to tool and work, but surfaces of it will 
not slide freely upon each other, even when the load is smalL When 
two aluminium pieces have to work together, a thin plate of steel is 
often secured to the face of one of them, upon which the opposing 
aluminium face slides freely, and with a very small amount of 
lubrication. 

Wood and Hide. — In spur and bevelled gear we have to deal with 
line friction. Here one set of teeth in a pair of wheels working 
together is often made of some hard and dense wood, such as crab- 
tree, hornbeam, locust or beech, fitted into an iron frame, or centre, 
in such a way that the teeth can be taken out and replaced with new 
ones when much worn. Box, beech, holly, elm, maple, oak, hickory, 
canewood, snakewood and lignum vit% are also much in request for 
shaft bearings, etc. Of these, lignum vitaB, which will sustain very 
great pressures without abrasion, is, perhaps, the most valuable, more 
especially as it works well under water. Such bearings as those of 
stern frame blocks and the gland in the ship's side to keep the water 
from entering, have this wood let into grooves cut into bushes of 
bronze. The strips thus let in stand somewhat above the metallic 
surface, so as to allow of a free circulation of water, and tho grain is 
placed at right angles to the rubbing surface of the shaft. Lignum 
vitaa, also, is sometimes used for hydraulic valve faces, pivots, etc. 
The circumstance that it works well under water is no doubt due to 
the fact that throughout the cells forming the woody structure are 
distributed resinous substances which act as lubricants, and, however 
much it may be abraded, the surface of the wood has always a smaller 
superficial tension than has water, and therefore is always separated 
from the metal by a lubricant. 

Z 
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Rhinoceros hide is also largely used for gear wheels, as it wears well 
with small loads and runs silently. 

Other Non-metallic Materials. — In the case of watches and very 
light, continuously running machinery, which cannot be regularly 
lubricated, hard steel pins running upon agate or jewelled bearings 
give the best results. 

Even for large shafts, stone bearings are occasionally adopted. The 
natural stones suitable for this purpose are those which are wholly 
free from grittiness, and somewhat inferior in hardness to iron. 
Gypsum, pure clay slate, pure compact limestone, marble, and silicate 
of magnesia or soapstone (the last being the best) are those in most 
general use. Many soft rocks, such as sandstone, sandy limestones, 
and slates are not suitable, as they contain crystals of quartz — a hard 
mineral which scratches and grinds down even the hardest steel. A 
non-metallic material for bearings, called * adamas,' consists of silicate 
of magnesia, ground, calcined, moulded by hydraulic pressure into 
blocks of suitable figures, and baked. The advantages to be gained 
from a lubrication point of view from the use of silicate of majmesia 
result from its combining a certain greasiness of surface with a degree 
of hardness sufficient to secure the requisite durability. 

Several other mixtures of solids have been introduced wliich, it is 
claimed, run well on iron or steel without the use of any liquid 
lubricant whatever. They almost all contain graphite, mixed with 
some binding material. 

At present it is only where, for some reason or other, oil or other 
lubricant is objectionable that such anti-friction materials are used, 
well designed and properly lubricated surfaces having proved more 
reliable and economical. 

A solid bearing for shafts, etc., called 'carboid,' has lately been 
introduced by Mr. Killingworth Hedges. It is said to consist of 
powdered carbon mixed with a certain proportion of steatite, with the 
twofold object of consolidating the friable carbon and decreasing the 
friction. The ' carboid,' which may be fixed to the rough surface of a 
casting by a special cement, has. been used for machinery for line 
fabrics which oil would injure, for the bearings of steam-heated 
cylinders, and also for such bearings as cannot easily be lubricated. 
Prof. Vnwin, who determined its friction coefficient, found that it 
followed somewhat closely the laws of solid friction. 

Asbestos is also largely used as an anti-friction packing for taps and 
valves. Jt may be compressed until it becomes dense and hard, and 
capable of carrying a very considerable load, yet owing to its fibrous 
nature it holds together and forms a good smooth-bearing surface. 

The Lubrication of Bearings. — Friction and 8i*eed. — In the 
chapter on ' The Theory of Lubrication,' the effect of speed upon the 
coefficient of friction has been dealt with at some length. It was 
there shewn that both in the case of cylindrical and flat surfaces, 
when the speed exceeds &W\\> \Q tesfc \ier minute, and the lubrication 
is ^ r ood, the resistance; oV\vii<ivl \,o Nta* ?&a&x* \&s&sarci <& c^Tjosing 
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surfaces, owing to the viscosity of the intervening lubricant, is 
approximately proportional to the square root of the speed. At 
lower velocities, however, the frictional resistance follows quite 
different laws. 

Although the conditions obtaining when the load is small (10 lbs. 
per square inch in the case of plane surfaces and 50 lbs. when the 
bearing is cylindrical) are interesting from a theoretical point of view, 
such loads are seldom used in practice except with very high speeds. 
We may therefore omit consideration of them here, and merely deal 
with such loads as have to be placed upon ordinary bearings, i.e., those 
which exceed 40 lbs. per square inch in the case of plane surfaces 
and 100 lbs. for journals. 

When we have to deal with well lubricated surfaces and ordinary 
loads, the coefficient of friction of rest is slightly less, to judge by such 
experiments as are available, than that of very slow motion, but with 
increasing speed a maximum is soon reached, beyond which the 
coefficient of friction rapidly decreases as the speed rises, until between 
10 and 100 feet per minute is reached. At about 10 feet per minute, 
if the lubrication be good, it should be at a minimum. Diagram (fig. 
24), page 60, has been drawn to shew the variation of the coefficient 
of friction with change of speed. 

Slow-Speed Lubrication. — The oil films remaining between surfaces 
which have been pressed together, without tangential motion, for 
some time, are merely superficial tension films. They are in all cases 
exceedingly thin. Indeed, so thin are they that the minute irregu- 
larities of even polished surfaces are enabled to engage in each other 
to some extent. The greater the thickness of the surface film separat- 
ing the solids, the greater the greasiness of the lubricant is said to be. 
A soap film, for instance, which has considerable greasiness, probably 
has a thickness somewhat exceeding ten millionths of a millimetre, 
and is stable in a humid atmosphere. 

Our knowledge of the thickness of lubricating films, when they 
separate solid bodies, is really very incomplete; but that they are 
extremely thin, especially in the case of mineral oils, is proved by the 
fact that there is always considerable friction between even well- 
polished surfaces at extremely low speeds. 

As, at very low speeds, the oil film is not sufficiently thick to keep 
the surfaces apart, they abrade each other somewhat, and when this 
is the normal condition of working, they must bo made of metals 
which do not easily seize or weld together. In such cases the lowest 
coefficient is obtained by the use of fatty oils, which are generally 
mixed with mineral oils. 

High-Speed LuMcation. — It has been shewn that when the speed 
of rubbing is considerable, and the load not too heavy, the manner in 
which the friction varies with changes of load, speed, and viscosity is 
such as to prove that it is then wholly due to the viscous resist- 
ance offered by the lubricant itself to motion, and is unairected by 
the nature of the metals forming the rubbing surfaces. 
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been devised for supplying the lubricant in such a manner that the 
friction is reduced to a minimum, and that at the same time lubricants 
can be used over and over again and not wasted, the sooner the old 
unsatisfactory methods will disappear. 

It should be clearly understood that the possibility of making 
practical use of such devices as will give results comparable with 
those obtained by Mr. Beauchamp Tower dates from the introduction 
of mineral oils and of non-acid fatty oils blended with them. 

The original objection to reservoir bearings was that they required, 
in the first instance, a large supply of oil, which soon became viscid 
and useless by oxidation, etc., and that the reservoirs had to be fre- 
quently recharged. 

This objection can no longer be considered valid, for good oils may 
now be obtained, a single charge of which can be allowed to work 
continuously for ten or twelve months without becoming objectionably 
viscid or acid. 

The pressure films produced by the trapping of the lubricant when 
the supply is good are very considerably thicker than superficial tension 
films. In a particular instance, by an electrical contact method, Prof. 
J. Goodman found that a lubricating film had a thickness of one five- 
thousandth part of an inch, whilst Prof. Osborne Reynolds, from the 
faction of a particular bearing, estimated it to vary, in different places, 
from -00077 to '000375 inch in thickness ('0195 to 0095 mm.). 

In the chapter on 'The Theory of Lubrication,' the manner in which 
this film forms and thickens as the speed increases has been as fully 
considered as is possible without the introduction of advanced mathe- 
matical methods. 

As previously pointed out, the importance of securing perfect lubri- 
cation has become more and more recognized since the classical experi- 
ments of Mr. Beauchamp Tower on the friction of lubricated surfaces 
were made. He shewed that the methods of applying the lubricant to 
the bearing in common use are often very imperfect, and not only lead 
to great waste of oil, but fail to allow the bearings to make the best of 
what they do get. 

As is almost always the case with improvements designed to give 
increased economy, the introduction of better designed bearings and 
lubricating arrangements has been comparatively slow, for, as we 
shall find, there are mechanical difficulties to be overcome before, in 
all cases, the best results can be obtained, and the improved bearings 
are not always the cheapest or the simplest. 

Then, again, the designs of bearing in common use, and the methods 
of lubrication adopted, have been the result of experimental practice 
which did not take much note of the actual friction al resistances met 
with, except when they were so great that serious heating was caused. 
Unscientific methods have consequently been largely followed, a cheap 
rather than an economical bearing being aimed at. 

But it is certain that in the future the engineer will not be content 
with a bearing simply because it does not run hot and give trouble. 
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His object, m we have aid, will bo to reduce the friction and 
wear to a minimum, and to enable the power of his mote to be 
expended upon the work in hand lather than m ovezeoauDg avoid- 
able veeietaiieet. 

Even aft the risk of appearing to emphasise too strongly the 
value of the many new designs which hare been introduced for 
securing perfect lubrication, we shall Qlnstnte some of the best sad 
most hugely used of them far the purpose of shewing the direction in 
which design is now moving. In the immediate future there is every 
reason to expect that many i mp r ov ements in detail will be introduced, 
and instead of the design of the nibbing snrfaoce of a machine and 
the method of application of the lubricant being regarded as of eonv 
paratively little moment* they will receive their- proper share of 
attention by the draughtsman. Steam and other motors, etc* will 
then be lees likely to give trouble, owing to overheated or damaged 
bearings, than is now the case. 

Oil Spray Chamber*. — To secure the advantages of good fabrication 
as well as to keep out grit and dirt, many kinds of wt^™— are 
now inclosed completely in cases containing the lubricant* whkh 
is thrown about by the moving parts, drenching all the exposed 
rubbing surfaces, and freely entering the o&Vwaye provided. In this 
way not only is the oil used over and over again, but perfect lubrica- 
tion is secured, and, as previously pointed out, particles of grit sod 
dirt are prevented from mixing with the oil and grinding away the 
rubbing surfaces. 

The central-valve vertical engines of Messrs. Willans & Robinson 
have the whole of the moving parts inclosed in this way, and perfect 
lubrication is secured for all parts. The bed-plate forms a reservoir 
in which is placed castor or pure mineral oil, and water. At each 
revolution of the crank the lubricant is thrown about the upper 
portion of the chamber, lubricating the connecting rod ends, valve- 
gear, main bearings, etc. These engines may therefore be allowed to 
run with full load, and without a single stop, for more than a month 
at a time, for the wear is exceedingly small, and all the parts can be 
kept well supplied with oiL 

Oil Pressure Film. — Given a good supply of a lubricant of proper 
quality applied at the proper place, we have a layer of oil trapped 
between the rubbing surfaces and completely separating them. 
Upon this film rests the load. The oil, therefore, is under very 
considerable pressure towards the centre of the bearing surface, but 
as we approach the edges, the pressure falls off, and reaches zero at 
the margin. This is no theoretical assumption, but a fact which 
Mr. Beauchamp Tower discovered by perforating the brass of a journal, 
and connecting to the hole a pressure gauge. 

As the load is completely oil-borne, the distribution of pressure in 
the film depends upon the direction in which the load acts. The 
formation of the film, or pad of oil, results entirely from the viscous 
properties of the lubricant, as also does the friction. 
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Positions for OU-ways. — When the speed of rubbing is slow, the 
lubricant is not trapped between the surfaces to any great extent, 
and does not form a thick sustaining film. In such cases, a lubricant 
possessing the property of oiliness or greasiness, rather than viscosity, 
is necessary, fatty oils giving the best results. 

The lubricant is then kept between the surfaces because the oil or 
grease films powerfully resist rupture. Oil-ways, therefore, may be 
cut along those parts of the faces which are being forcibly pressed 
together, and can be made of such lengths, and extend in such direc- 
tions, that owing to the close fit of the parts they will retain the oil 
fed to them. This cannot, however, be done with advantage when the 
speed of running is high and the lubrication 'perfect,' for oil- ways 
cut along faces to the edges, or from holes drilled where the pressure 
film should be, allow the oil to escape, and the surfaces then close 
together. 

When the lubrication is 'imperfect/ the speed of running being 
only moderate and the journal of large diameter, it is often very 
difficult to keep the bearing cool, even if substantial fatty oils are used. 
In such cases, grooves are often made along the rubbing surface of 
the journal, and sometimes mere flat surfaces, of small width, are cut 
on their cylindrical surfaces. At other times, spiral grooves are cut 
round the surface of the journal, or, perhaps, several short grooves are 
cut at different points of the circumference. These grooves carry the 
lubricant between the rubbing surfaces, and the latter, therefore, are 
prevented from becoming dry. 

Mr. C. E. Hefford,* R.N., has found that such a flat surface filed 
about 22° on the 'idle side' of the crank pin of an engine which 
always rotates in the same direction gives good results. 

Such devices, however, except when the speeds are low, only 
serve to remedy the evils which result from imperfect lubrication, 
and should not be used in cases where the conditions are suitable for 
securing ' perfect ' lubrication. 

In the case of fixed machinery, the moving parts, in the majority 
of instances, rest' upon the bearings, and run at speeds which admit of 
perfect lubrication. The lubricants in these cases can be supplied 
through holes and grooves cut in the cap of the bearing, for the 
pressure film or pad is on the lower brass. On the other hand, the 
axle bearings of railway vehicles rest upon the journal, and the 
lubricant should be supplied at the bottom or sides. Grooves in the 
top brasses allow the lubricant to escape, undue wear takes place, 
and the bearings are liable to run hot. Vertical engine main bearings 
are often subject to forces which tend to lift the shaft from its seat, 
and force it against the bottom and top brasses alternately. In this 
case we require a pressure film on the top as well as the bottom brass, 
and no grooves should be cut in either of them. The lubricant, under 
such circumstances, must be applied at both sides of the bearing. 

In all bearings, the oil is intruded along the ' on ' edge of the brass, 
* The Practical Engineer, 1st October 1897, p. 331. 
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and is expelled along the other three sides. Fig. 86 shews a plan of 
such a surface, and the arrows indicate! roughly, the paths of the oil 
across it A portion of the oil escapes at the sides, the quantity 
bong large when the film is thiok and the lubrication gooo, end if 
some mesne be not devised for causing the oil thus expelled to ntarn 
to the source of supply, it will be thrown about and wasted. In the 
majority of modern bearings guards are cast at the ends of the 
pedestal, and the oil, as it is thrown into them from the collars on the 
shaft, flows into a reservoir below the axle. 

Another plan (fig. 87) for preventing the expulsion of the o& at 
the ends is to cut oil-ways near the ends of the bearing, and, by 
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bevelling the brass, to provide grooves along the edge to distribute (he 
lubricant along the journal face. If possible, all grooves in the 
brasses should be avoided, for dirt is apt to collect in them and fill 
them up. 

Mr. Beauchamp Tower's experiments on the f rictional resistance and 
loads carried by bearings with different methods of lubrication may 
be recounted here with advantage, as they shew in a very striking 
manner how important it is to cut the oil- ways of bearings in proper 
positions. Several methods of oiling were tested by him. 

"When the lubricant was supplied through a hole drilled in the 

crown of a brass (fig. 88) which rested upon a journal, and was 

distributed by means of a groove parallel to the axis of the brass and 

extending nearly to the ends of the bearing, it 

"1 was found that the journal would not run cool 

when the load exceeded 100 lbs. per square 

inch. It appeared that the hole and groove being 

in the centre of pressure of the brass allowed the 

' supporting oil film to escape. This view was 

FlG - 88. confirmed by filling up the hole with the lubri- 

cant and then easing the weight off the journal 
for an instant. This allowed the oil to sink down the hole and lubri- 
cate the journal, but, immediately, the load was again allowed to pass 
upon the journal, the oil rose in the hole to its former level and the 
journal became dry, thus shewing that this arrangement of hole 
and groove, instead of being a means of lubricating the journal, was 
a most effectual means for collecting and removing all oil from it. 
In practice, groater loads are carried with tliis faulty system of 
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lubrication than these experiments would seem to indicate the possi- 
bility of. This, no doubt) results from the vibrations and side-play of 
the axle-box on the journal, and also to the imperfect fit of the brass, 
which allows the oil to get out of the groove and wet the journal. 
When the brass is a very good fit and the oil cannot thus escape, the 
bearings heat and give trouble. Small grooves, however, cut from 
the end of the oil-way to the end of the brass will often put matters 
right, for the lubricant can then escape at the ends and reach the 
journal Ijy a circuitous path. 

As the centre of the brass was obviously the wrong place to in- 
troduce the oil, Mr. Tower resolved to apply it to the sides, where two 
grooves were accordingly made. They were cut parallel to the axis 
of the journal, as shewn in fig. 89, and extended nearly to the ends 
of the brass. With this arrangement the bearing did not seize until 
the load reached 380 lbs. per square inch. 

The arrangement sometimes used for locomotive axles was also 
tested. The oil was introduced through two holes, one near each end 
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of the brass, from each of which ran a curved groove, as shewn in the 
plan, fig. 90. 

This brass refused to take its oil or run cool when the load exceeded 
178 lbs. per square inch. 

Pad Lubrication. — Having tested siphon lubrication with oil-ways 
of various kinds, Mr. Beauchamp Tower then experimented with 
brasses which had no oil- ways cut in them, the lubricant being 
supplied by pads pressed against the undersides of the journals. 
Although the oil was only supplied to the pads by capillary action, 
and the journals were only just oily to the touch, they carried loads 
of from 550 to 580 lbs. per square inch. The frictional resistance 
was also exceedingly small. 

Woollen, or felt pads, kept moistened with oil and pressed against 
the journal, are now largely used. Journals or shafts should be 
kept uniformly moist with oil, but should not receive such a quantity 
as to be thrown out in any great volume at the ends of an ordinary 
pedestal, or axle-box, and wasted. But when proper means are 
adopted for preventing lateral waste, the pads may l>e partially 
immersed in the lubricant, or may obtain their supply of oil 
through wicks which dip into it. 

Even when the old methods of siphon lubrication are adopted, 
pads are frequently used as auxiliary lubricating coxAiW^tf^ ivwa*. 
they remain moist for long intervals oi tima &Tu\\&fc\> ^*\»«k«^ 
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bearings. Without such aid, this form of bearing surface cannot be 
depended upon to carry loads exceeding 100 lbs. per square inch, and 
to carry even these loads it is necessary to make the surfaces of 
suitable material and to use substantial fatty oils. Thrust-block collar 
bearings might also be lubricated in this way with advantage. 

Heating of Lubricating Films. — In the chapter on solid friction 
it was pointed out that the work done in keeping surfaces in relative 
motion is transformed into heat, and that the heat produced is 
exactly proportional to the work done. When the surfaces are 
separated by an oil film, the frictional resistance is wholly viscous, 
and the heat produced raises the temperature of the lubricant. This 
increase of temperature may be very coosiderable, for the film is 
very thin, a bad conductor of heat, and the motion of the lubri- 
cating fluid is direct. The heat produced goes, therefore, to increase 
the temperature of a very small volume of oil, from which, as the 
flow is not sinuous, the heat escapes but slowly by conduction. 
Professor Osborne Reynolds calculated that even when the heating 
of the journal is very small indeed, and the coefficient of friction 
low, the temperature of the oil film may be as much as 15° F. 
above that of the surrounding solid parts. In this way the fact 
that the friction of a journal is not proportional to the speed is 
explained, for the heat produced in the lubricating film decreases 
its viscosity. 

The increase al friction with increasing speed is least marked 
when the lubricant is a mineral oil whose viscosity decreases rapidly 
with increase of temperature. Mr. W. D. Scott-Moncrieff states that 
in some experiments made by Mr. Napier and himself, it was found 
that the friction increased with an increase of velocity in the case of 
vegetable oils, but decreased with increasing speed with mineral oil. 

When the lubrication is ' imperfect/ the loss of viscosity resulting 
from the heat liberated is not sufficiently great to compensate for the 
resulting thinner film and increased solid friction, and the frictional 
resistance is, therefore, greater. 

The thermal units generated in a bearing per minute 

"779 

P being the load on the bearing, /x x the coefficient of friction, and o 
the surface velocity. 

The heat thus developed in the . film has to be conducted through 
the shaft and bearing. But the quantity of heat liberated may be so 
great, and the lubricant, consequently, become so fluid, that it is 
incapable of sustaining the load, and the rubbing surfaces therefore 
close together and may seize. 

Mr. Tower's experiments clearly bring out the fact, as also do those 
of Prof. Goodman, that the greater the viscosity of the lubricant, the 
greater the load a bearing will carry, providing the speed be not too 
high. The seizing, when the loads are considerable owing to the 
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heating takes place, the rate of shear being great, and, more especially 
when mineral oils are used, the lubricant becomes less viscous, and, 
when the loads are too great, allows the surfaces to actually touch and 
abrade each other. It will be seen that increasing the viscosity of the 
lubricant beyond a certain point, although it may prevent actual abrasion, 
does not result in decreased friction, because although the tendency 
is to make the film more even in thickness and prevent the surfaces 
from touching, more heat is liberated by the increased fluid friction 
of the thicker oil. 

The conditions, therefore, which determine the area necessary to be 
given to a bearing surface are, in some measure, those which arise from 
the heating of the film and the nature of the metals in contact. 
When working under normal conditions the thickness of the lubri- 
cating film should be so great that the friction and heating cannot 
injure either the lubricant or the metallic surfaces ; but, as it is im- 
possible with many forms of oil supply to guarantee a proper and 
perfectly regular rate of feed, and also wholly to prevent the access 
of grit, etc., the bearing must be made large enough to carry the 
load should the supply of oil be slightly insufficient. 

However small the frictional resistance may be, the heat liberated 
must be allowed to escape from the journal and brass as quickly 
as possible, otherwise it will accumulate and so increase the 
temperature of the parts as to destroy the bearing. But, in practice, 
so many large masses of iron are necessarily in contact with the lubri- 
cating film, and they expose such a large surface to the air, that in 
the majority of cases the brasses and surfaces in contact with them, 
including the lubricating film, are not excessively heated, and the 
latter does not lose its load-carrying power to a serious extent. In 
the case of connecting rods and railway axle-boxes, the rapid move- 
ment through the air quickly dissipates the heat and enables com- 
paratively heavy loads to be put upon them, even when the speeds 
are high. 

Although most writers on lubrication are of opinion that the area it 
is necessary to give the opposing surfaces of a bearing depends, in great 
measure, upon the heating effect resulting from the friction of the 
rubbing surfaces, it is admitted that a satisfactory theory cannot be 
based upon this consideration alone, for the sustaining power of a 
bearing is often increased by using a more viscous lubricant, not- 
withstanding the increased friction and heating the change gives 
rise to. 

If we assume that severe heating occurs only when, owing to a 
deficiency in the supply of lubricant, the coefficient of friction 
becomes independent of the load, the results obtained by some 
formula are in agreement, to some extent, with practice; but it is 
certain that many bearings would heat and seize long before the 
lubrication became anything like so imperfect as to bring this about. 
However, equations based on the assumption that the area of the 
rubbing surfaces through which the heat is dissipated should be 
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cumferential grooves having been produced,and the proper formation 
of the oil pressure film prevented. 

When the brass is semicircular, the whole of its surface should not 
be allowed to come in contact with the journal. The metal should 
be cut away somewhat at the sides, so that the bearing area sub- 
tends an arc of 45°, or less, on each side of the line along which 
the load acts. This enables the lubricant to get with greater ease to 
that portion of the surface which has to carry the load. 

Light brasses are particularly to be avoided. Not only do they 
leave little margin for wear, but they are apt to distort or fracture 
through the crown just where the maximum load is carried, and 

Table XCVL — Admissible Loads on Bearings. 



Description of Bearing. 



Load in lbs. 
peraq. in. 



Hard steel bearings on which the load is intermittent, such 

as the crank pins of shearing machines, 
Bronze crossheaa neck journals, 
Crank pins of large slow engines, 
Crank pins of marine engines, . 
Main crank-shaft bearings, slow marine, 
Main crank-shaft bearings, fast marine, 
Railway coach journals, . 
Fly-wheel shaft journals, . 
Small engine crank pins, . 
Small slide blocks, marine engines, . 
Stationary engine slide block, . 
Stationary engine slide block usually, 
Propellor thrust bearings, . . 
Shafts in cast-iron steps, high speed, . 



3000 
1200 
800-900 
400-500 
600 
400 

300-400 

150-200 

150-200 

100 

25-125 

30-60 

50-70 

15 



where the oil pressure film forms. When such a fracture exists, the 
oil escapes through it, and tbe carrying power of the bearing is greatly 
reduced. The load also pinches in the sides somewhat and destroys, 
for a time at least, that difference between the radius of the brass and 
the journal upon which efficient lubrication depends. 

The harder the surfaces in contact, the more accurate should the fit 
of the surfaces be made, for it is not until the faces are everywhere 
brought by wear to within a few thousandths of an inch of each 
other that good lubrication can be secured. White metals, on the 
other hand, are easily worked to a reasonable tit by hand, and soon 
wear to a perfect face. 

In the case of shafts and spindles the fit should never be a tight 
one; sufficient clearance must be left for an oil film of sufficient thick- 
ness. Some engine makers leave a clearance of. *0$\ \\w\\ Vst *.^K\ 
inch diameter of shaft, when the diameter \a xkAi \e«& W\&\\ \ Vw^\ «* 
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greater than 6 inches. "With this clearance, the bearings will not ran 
hot when new, and soon wear to that condition which gives the best 
results. 

To obviate the evil effects of strains resulting from the stresses 
machines have to bear, long bearings should be made so that they 
have freedom to move with the shaft as it deflects, otherwise the, 
pressures are apt to become excessive at the ends. 

Even when the workmanship is good, it is well to run the machine 
in the first instance at a moderate speed and load. This enables the 
bearing surfaces to bed themselves together properly and assume 
those curves which are the natural working ones. 

Wmkmansliip. — Owing to a want of accuracy in the fit of lathe 
spindles, and the spring of the centres when heavy, badly-balanced 
work is being turned up, it frequently happens that crank-shafts, etc., 
are turned out the bearing surfaces of which are not truly circular. 
Except in rare cases, this want of trueness is sure to cause hot bearings 
ami give endless trouble. Indeed, however well a machine may be 
designed, if the parts be not accurately machined and properly put 
together, so that the contact surfaces shall slide or rotate accurately 
in their bearings, not only will there be undue friction and wear, but 
excessive strains will be thrown on portions of the machinery, and 
numerous failures from overheating will be the result. 

To obtain anything like the efficiency and output which a machine, 
such as a steam engine, may be expected to give, good workman- 
ship is absolutely essential, for want of accuracy of fit, and defective 
lining up, throw upon certain portions of the engine loads which the 
draughtsman never calculated they would have to bear, and the effects 
of which the engineman finds it impossible to counteract. This Jot? 
not give the machine a chance of getting into that condition in which 
the friction is almost wholly due to the viscosity of the lubricant, and 
only slightly due to the actual contact of the metallic rubbing surface.-. 

Wear of Bearing*. — In the discussion of his report on friction 
experiments, Mr. Beauchamp Tower said * it seemed to him that the 
important practical inference is, that it is actually possible to so 
lubricate a bearing that not only would metallic friction be altogether 
done away with, and thereby the amount of power lost by friction 
be reduced, but metallic wear and tear would also be abolished. Ho 
would not say that such a result was actually possible in practice 
now, but it was a reasonable one to aim at in mechanism. By giving 
a profuse lubrication, and by having the brasses so arranged that there 
should be a uniform pressure all over their surface, it was possible to 
have wear and tear between metal and oil, instead of between metal 
and metal. 

To a reduction in the frictional resistance of the machine we must 
therefore also add the increased life of its parts secured by the adoption 
of more perfect systems of lubrication, and both of these advantages 

* Second Report on Friction Experiments. Proc. Inst. Afcch. Eng., 1S65, p. CI. 
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may, if we use proper blends of oil, be secured without increased cost 
or waste. 

Forms of Cylindrical Bearings. — Bush Bearings. — Light axles, 
spindles, etc., are usually supported by bearings which completely 
surround their rubbing surfaces. Such bearings are either plain bushes 
threaded over the spindle, or are composed of two portions which form 
an upper and a lower brass. As the weight is on the bottom brass 
the lubricant is supplied through an oil hole drilled in the top cap, and 
is spread over the bearing by a longitudinal groove. When the shaft 
is a moderately good fit, the results obtained by this simple form of 
bearing are excellent, for, as will be seen from fig. 93 (which is 
not drawn to scale), the annular space between the shaft and bush 
will, if the gap be not too large, be maintained full of oil by capillary 
forces, and the conditions of working will approach those of bath 
lubrication. 

When the load is considerable, the oil-film becomes thin at the point 
of nearest approach on the 'off' side, the lubricant escapes at the 
ends, does not properly fill the gap between the upper brass and the 
journal, and the lubrication becomes imperfect. The increase of 





Fig. 93. 



Fio. 94. 



friction thus brought about may be seen when the upper brasses of 
the main spindle bearing of a foot lathe are removed. The friction 
will then be found to have increased greatly, for the oil fails to 
properly reach the ' on ' side, and the bearing surfaces approach each 
other somewhat closely. 

Watch and Clock Bearings.* — As bearings of this kind have 
often to run for years without attention, they should be con- 
structed so as to retain, by the action of capillary forces, a small 
amount of oiL The bearing of a watch or clock pivot is shewn in 
fig. 94. The oil sink is deep and narrow, and holds a consider- 
able charge of oil, which is prevented from spreading by the sharp 
angle formed by the edge of the surrounding groove. A portion 

* Friction, Lubrication and Lubricants, in Horology, by W. T. Lewis, pp. 
43-59. 
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of the shoulder is also bevelled to form a narrow recess in which 
oil can be stored. The back taper on the spindle below the collar, 
and also the boss on the plate, are to prevent, as much as possible, 
the oil from spreading. 

Means for retaining a supply of oil are also provided when the 
pivots run in capped jewels. Such a bearing is shewn in fig. 95. 
Here the charge of oil is retained by capillary 
forces between the two jewels, which approach 
each other closely. One of these is perforated 
for the pivot, and the other is flattened to steady 
it laterally. 

Pedestals. — The bearings or steps used for the 
support of shafts of any size are, as a rule, loose 
pieces* of metal held in position by iron pedestals. 
"When the load to be carried is very great, the 
pedestal is placed upon a sole-plate, which serves 
to distribute the load over a sufficiently large 
area of masonry. It also serves as a means of 
adjustment. In some cases, however, separate 
IG * * ' bearing pieces are dispensed with ; the step then 

becomes a portion of the pedestal. When this 
is the case, to enable any wear to be taken up, and also to facilitate 
the removal and fixing of the shaft, the pedestal is fitted with a cap 
secured in position by bolts and projections. By reducing the thick- 
ness of the packing pieces which are placed between the cap and the 
pedestal, any slackness resulting from vertical wear can be taken up. 
Such a simple design is only suitable in cases where the speed and 
load are small. At one time the lubricant was nearly always supplied 
through a hole in the centre of the cap, and distributed along the 
surface of the shaft by two grooves which extended to within a short 
distance from the edges of the bearing. 

The difference between the diameter of the shaft and that of its hear- 
ing being very small, the lubricant, even if a liquid one, remains 
between the surfaces in virtue of the play of surface forces. For line 
shafting and the main bearings of engines, upon which the load is 
often very considerable, the pedestals are always so designed that 
bearings or steps can be replaced with new ones when much worn. 

Even now many very primitive designs are in use, which not only 
cause needless waste of oil, but also of power, for the friction 
coefficient is much larger than it should be. The shaft, in the cases 
alluded to, runs upon a bronze bearing, and to prevent the lubricant 
running off at the sides, and being wasted, the latter is only supplied 
in small quantities. The proper lubricating pad or film is consequently 
unable to form, and the faces are always, to some extent, abrading 
each other. On this account, pure mineral oils deficient in greasiness 
give but poor results when used for such bearings. 

An improved pedestal, shewn in the accompanying fig. 96, is 
now being very extensively used. Only a short arc of the cap and 
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brass are in contact, or nearly so, with the shaft, the spaces at the 
sides being occupied by felt pads kept moistened with oil from a 
siphon lubricator. With this arrangement, the frictional losses are 
comparatively small. Better bearings even than these are now being 
brought into use. They are so contrived that 
the lubricant is thrown over the shaft in a con- 
tinuous stream, forms a thick lubricating film, and 
is again returned to the bearing after passing into 
a reservoir below. Under these conditions the 
lubrication is perfect, i.e., viscosity has free play, 
and mineral oils, with a slight admixture of fatty 
pils, answer admirably, if the surfaces be of the proper 
materials. 

In such bearings, the lubricant is in continuous 
circulation, the same charge often lasting for nearly 
twelve months. 

Fig. 97 shews such a bearing, made by the Brush Engineering 
Co., Limited, Loughborough. Here the pedestal forms an oil reser- 
voir from which the lubricant is raised by means of an endless 
chain slung upon the shaft, by which it is kept in motion. The 
lower part of the chain dips into the oil-bath and carries up with it 
a thick film of oil, which is distributed over the top of the shaft 




Fxo. 96. 





I WW I 




Fio. 97. 



through the longitudinal oil-ways. To prevent the oil being thrown 
about, and thus wasted when it is expressed at the sides of the 
bearing, splashers are cast at the ends of th& pedestals, to collect 
and return the oil to the reservoir. 

Some care is necessary in selecting the material of which to make 
the oil lifting chains, for the lubricant is apt to become somewhat acid 
with age. Iron, steel, or brass, used alone, work well, but on no 
account should two varieties of brass or steel be used together, one for 
the pins and another for the links, as they set up electro-chemical 
action, which destroys them. 
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loose ring threaded on to the shaft. In other cases a loose collar 
takes the place of the chain or ring, whilst some makers of bearings 
place a felt pad along the top of the upper brass, to act as a strainer 
for the oil. The pedestal casting in such cases forms a splasher 
projecting beyond the bearing, and serves to collect the * oil thrown 
out at the ends and return it to the reservoir. 

When the shaft is heavy, it is well to make the lower brass rest 
in a cylindrical seating concentric with the shaft, and to prevent it 
from rotating by suitably shaping the bearing surfaces of the brass 
in the cap. This enables the lower brass to be removed by merely 
turning it round when the shaft has been lifted only a, fraction of an 
inch. 

In some instances, the direction in which the load acts is not by any 
means a vertical one, owing to the strain of a belt or some other 
lateral force. The dividing line l>etween the brasses should then be 
at right angles to the direction of the resultant pressure on the 
journal, and, therefore, not horizontal. 

The practice of making the brasses in three or more pieces is some- 
times resorted to, as it enables the wear to be taken up without 
removing the bearing pieces. In many cases, however, the division 
between the separate pieces allows the lubricant to escape just where 
the maximum pressure of the supporting film should be, while in all 
such cases the sustaining power is reduced and the friction coefficient 
increased. When there is only one brass the shaft can move into 
that position which has been shewn to give the lowest coefficient of 
friction ; but when the bearing consists of two or more separate 
pieces of metal, each bearing piece must be free to move somewhat 
and adjust itself so as to occupy its proper position with regard to the 
shaft, and each ' on ' edge must be properly lubricated. When such 
adjustments cat mot freely take place and the load is considerable, 
the bearings give a high coefficient of friction and easily run hot. 

For high speeds it has been found advisable to make the bearings 
of large area, and cast-iron is then often used, for the loads per square 
inch in such cases are small. The longer the bearings are, the more 
necessary does it become to construct them as shewn in figs. 97 and 98, 
so that no undue strain shall be thrown upon their ends if the 
shafting should be somewhat out of line or be bent. 

Many high-speed bearings are now not only fitted with two rings 
or chains slung on the axle and rotating with it so as to pick up the 
oil, but they have also small oil pumps, driven by a cam on the axle, 
which deliver the oil on to the bearing in a constant stream. Such 
extreme precautions against the possibility of a failure in the proper 
supply of the lubricant are by no means unwarranted, for they insure 
a low coefficient of friction, and almost wholly prevent wear of the 
bearing surfaces. 

Axle-boxes. — In the case of the bearings of railway vehicles, the 
brass or step rests upon the journal, and the load acts vertically 
downwards. The journal usually projects beyond the wheel, and can 
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hiv.( practii'o is to inuko tho arc of contact short, the brass k>ng in a 
tlirt«otitni imrullol with tho shaft, and to supply the lubricant by means 
of a pail orossod against tho underside of the journal. 

An nxlo Imix of this kind is shown in fig. 100. Here, the lower 
|tortion of thu \m\ forniH a reservoir for the oil, into which thick 
imIIoii wiok* hang from tho pad. Tho oil rises in the capillary 
inn** and koops tho pud and journal well moistened. The brass is 
a loom* pioro whioh, by lifting tho box a short distance from 
tho u\h\ ran U» takon out and examined when the door at the 
froul \h opon. No oil grooves or holes of any kind are cut in 
I ho fui'o of this brass, as they would more or less prevent the 
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hfilm from forming properly. To prevent the oil from escap- 
; from the box, and to keep out dust and dirt, the door is made a 
good fit, whilst on the inside the axle is grasped by wooden shutters 
in grooves. All the oil expressed at the inside edg<' oi the 
•asses into the small auxiliary reservoir, and is picked up by the 
fixed to the axle and transferred to the "bearing by a wiper, 
ring to the fact that these boxes are kept cool by being brought 
»ntact with the open air, and that there is a good deal of vihr t- 
tiou and variation in the direction and intensity of the pressure be- 
reen the surfaces, the bearings can be made to carry heavier loads 
tan can stationary bearings of similar design, running at equally 
ligh speeds. 
In this country it is the custom to make the steps of bronze, and to 
brieate with mixed oils. It would seem, however, that when the 
bronze is replaced by a suitable white-metal, pure mineral oils can be 
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used and a great eaving effected in the cost of the lubricant, The 
customary load put upon bearings of high-speed vehicles is about 
square inch. 
& - A fluid lubricant is only, as a rule, used for the axle- 
boxes of quickly-moving vehicles; for wagons, grease is often pre- 
l, the frictional resistance at starting being smaller with plastic 
lubricants than with fluid ones. 

A grease box, Ellis' patent, such as is used on mineral wagons, is 

-hewn in fig, 101. In some respects it resembles the box used for oil, 

but differs from it in the imiK»rtant particular that the lubricant Lb 

supplied through large holes near the ends of the besri&g, the 

rig-point of the grease being such that if the beari] 

warm the grease becomes fluid, and finds upon the 

fadli Bearing*. — The Hon. C. A. Parsons, F.R.S., has lately in- 
troduced a very ingenious bearing for shafts running at such extremely 

speeds as 9000 revolutions per minute, It is impossible to 
balance such quick-running shafts so accurately that the centre of 



rj-LLiiiL ^«1 ^I'-ii^ii* ^nl iii*- &£=.» lfr.r :-f the journal. To 
:r-*f-i_: uifi'j* :r**szr* ***rr-r jcs "p:t iL* baiiinj. and also the 
-"■■-. t..-i tlj'_i ir:^i Ttfr-ji ir:c ^fcjr* 7 ii* srjift a somewlu; 
j»-r 11 "^* ^.T r ^_^:c lir^bi* r>:c lb* siif; — :« ~:»n the other— 
vr-ru." :«*-?-. j*>. "iLr zirvai* :c** :£ Tii'.h £« ihe pedestal casting. 
Ir:v«5*i ?:L'.-i V^»i -r>'~* f jc=_ ^ri:i. Yt ;Leir viscosity, damp 
k- -.ir: r.".rj,i:c-. JLl u* "nasie? s**i s:-i be? fr*e to route. These 
Vlt^lt 1 LTr *2v : f:£ iL» sLift of PiTsor/s nrlo-moior, the oil 
Vjir •-.:■:•«!*•£ L-MSia:c^yv- ii* bearii^ by :L.r,iii5 :«f a pump, which 

TIt bskr^r Furih:-« :f ^iiirraiely lizb- ?:•**! spindles are nearly 
tl-a-fcTs 5;c*i. *■: iLk: az.y Tear can be tiker* up by moving the 
••=■:— *.sJ :■? fr^i> literally, and the surface? -ion which the spindles 
riL it- ;f>i. r-ifr :f viiVr-iLrtal. Tie best swindles are obtained 
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by shaping them from Lard rolled bars of .steel, the metal, in this 
state, being flexible and of very even texture. 

The footsteps carrying the spindles of spinning mules, twiners, etr., 
are .sometimes made of solid brass, with a cup-shaped reservoir for oil 
The spindle runs in a hole in the centre of this reservoir, and is, there- 
fore, always perfectly lubricated. Upon the cup-shaped reservoir* 
rests a frame, carrying small covers which effectually retain the 
lubricant and prevent it from running down the frame or spindle 
board and from being thrown about. 

/,f*w P nihil*. — Loose pulleys as a rule are merely bushed with 
bronze, and run upon accurately turned shafts, their lateral motion 
being prevented by the fixed pulley on one side and a collar on th»» 
other. Sometimes such pulleys are only supplied with a drop of 
oil occasionally, in other instances they have screwed into them a 
small oil -cup which feeds very slowly. 

Smiths self -oiling pulley, which has lately been introduced, is shewn 
in tig. 102. The boss of the pulley is made of suilicient diameter 
to give room for a large bush, which is chamlwred externally, so that, 
when in position, it provides a large annular space for oil. The 
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chamber is interrupted by three perforated ribs, which serve to carry 
the oil round when the pulley is in motion, and to stiffen the bush. 
From this chamber the oil, as it is carried up, passes to the bearing 
through a number of radial holes in the bush, being prevented from 
escaping at the ends by two circular grooves having oil-ways connect- 
ing them with the oil-chamber. The portion of the shaft upon which 
the pulley runs is thus regularly and automatically lubricated, and 
when supplied with a non-gumming, fairly neutral lubricant, only 
needs occasional attention. 

Variable-Loa/l Bearings. — Crank pins, cross-head pins, and all 
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bearings upon which the direction of the load is quickly reversed and 
the bearing surfaces thereby periodically parted, will carry extremely 
heavy loads. In such cases the lubricant is drawn in between the 
surfaces as they part, while the load remains on the bearing for so short 
a time that the oil-film is only partially pressed out. But these condi- 
tions do not at all times prevail, especially in locomotive engines, which 
have to start away with a heavy load behind them. The bearing upon 
which the iron or steel crank-pin is pressed has consequently, in such 
cases, to be made of very hard white-metal, which will not squeeze 
out under the great pressure put upon it. 

It must not be assumed, however, that the pressure on the crank pin 
is measured by that of the steam on the piston, for, at ordinary run- 
ning speeds, the inertia of the moving parts tends to equalize the 
pressures on the pin very considerably. 

The load on a cross-head pin may be made much greater than that 
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are usually made of steel or iron lined with white-metal which works 
upon cast-iron sheaves. 

Pins with Reciprocating Motion. — In many cases, pins have to carry 
a steady load, and the surfaces only move relatively to each other 
through a small angle. In some instances, the load that can with 
safety be put upon the bearing is only small; a greasy lubricant 
must therefore be used and the surfaces hardened. The slow recipro- 
cating motion of the surfaces, and the constant pressure upon them, 
tends to expel the oil from the faces rather than to draw it between 
them. Such bearings are by far the most difficult to lubricate and 
keep in order, especially if every care has not been taken to make 
them of such metals as will work well together. If the oil be supplied 
by one groove running along the side opposite to that which carries 
the pressure, there is very little chance of its being able to spread itself 
over the rubbing surfaces. Two parallel grooves, one on each side 
of the centre line of the load, not very far apart, and arranged sa 
that all parts of the surface shall be exposed to the oil resting in 
them during some portion of the motion, serve their purpose most 
satisfactorily. 

Plane Surface Bearings. — Loading of Plane Surface Bearings. — 
In the case of plane surfaces the conditions which determine the 
frictional resistances are by no means so uniform as those which 
determine the friction of cylindrical bearings. Indeed, the relative 
positions of the moving surfaces, even in the case of pivots and collars, 
vary with the direction in which the load acts, and the sustaining 
power of the film is thereby greatly affected. But, even when the 
conditions are most favourable, the load they will carry, except at low 
speeds, is only 60 or 70 lbs. per square inch, and even with such 
loads the rate of wear depends largely upon the nature of the 
rubbing surfaces and the quality of the lubricant. The principal 
forms of bearings of this description are slide-blocks, collars, and 
pivots. 

Slide- Blocks. — When it is necessary to so constrain a moving piece, 
or any part of it, that the motion shall be one of translation only, 
straight guiding surfaces termed slides and slide-blocks are generally 
used. Parallel link-motions, although they give a much smaller 
coefficient of friction when new, are more complicated, and the effects 
of wear are not so easily allowed for. 

The loads at which oil pressure-films can form on plane surfaces 
being only moderate ones, slide-blocks are generally of cast-iron 
working upon cast-iron or steel. The slide-blocks are, however, 
sometimes lined with gun-metal or white-metal when the speeds are 
great. In America, chilled cast-iron surfaces have been introduced. 
The chilling is effected in diagonal strips separated by equally broad 
spaces of soft metal. This gives the surfaces that degree of uneven- 
ness which enables the oil to be trapped and so keep the surfaces 
apart. Oil-ways may be cut in long slide-blocks so as to distribute 
the oil over the surfaces and enable it to reach the edges, but as the 
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l>erfect lubrication is secured, provided the load per square inch be 
not greater than 70 lbs. per square inch. However, as the efficiency 
of a thrust block at the best is not high, the heat liberated is great,. 
and the block must, when the bearing is a large one, be kept cool by 
a water jacket. 

Pivot-Bearings. — When the thrust to be carried acts upon a 
vertical shaft, instead of carrying the load on collars the end of the 
shaft may rest upon a circular face or pivot-bearing. Tins form of 
bearing permits of bath lubrication, for the footstep may be so 
designed that it forms a vessel which can be kept full of oil. 

Fig. 105 shews a bearing surface such as Mr. Tower used. The 
oil is admitted through the centre hole and passes into two radial 
grooves. From these grooves the lubricant is carried between the 





Fio. 105. 
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surfaces, and is expelled by the pressure upon the pivot. The "track 
of the oil varies at different parts of the surface, a portion being 
expelled at the edges. This sets up a continuous circulation of the 
oil from the centre of the bearing to the margin of the footstep, and up 
between the cylindrical portion of the bearing and surrounding bush. 

The only reliable experiments on the friction and sustaining power 
of pivot-bearings are those made by Mr. Tower with this pivot. In 
these experiments are given the greatest loads which he found a pivot- 
bearing would carry without actual abrasion of the surfaces taking 
place. For the actual results, see p. 70. 

Figure 106 represents a footstep-bearing somewhat similar to one 
designed by Mr. Ford Smith. Here the circulation is as shewn by 
Mr. Tower, but the actual bearing consists of four discs of hardened 
steel all perfectly free to revolve with the pivot. Through the centre 
of all four washers is drilled an oil hole, and radial grooves are cut in 
the faces. The passages C enable the oil to circulate between the 
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washers and up the side of the abaft By using four washers, fire 
friction surfaces are formed, and the films are increased in number to 
the Bame extent 

This enables the temperature of the films to be kept more nearly 
that of the masses of metal, and should one become a little over- 
heated and tend to seise, the other faces more relatively faster 
and allow it to cool again. As a means of relieving any local 
pressure which might result from the springing of the shaft, it hat 
been suggested that one of the loose washers should be made convex 
on one face, as shewn, so as to fit in a concave face on the opposing 
washer or pivot 

When the pressures exceed 160 lbs. per square inch, the surface* 
must be made of hardened steel working upon a similar face, or upon 
dense cast-iron or bronze. Should the load exceed 300 or 400 
lbs., a force pump must be resorted to, and a continuous stream 
of the lubricant forced between the pivot and footstep. As much 
as 1 ton per square inch can be supported by this means without 
any difficulty. 

Piston Bod Packings.— The conditions under which the bearing 
surfaces of piston-rods work, although the surfaces are of cylindrical 
form, are very different to those of journals or shafts, for the motion 
is a longitudinal one instead of a rotary one. It is seldom that they 
are used as guides, the load on them being restricted to that resulting 
from the devices used to take up the wear and keep the joints steam- 
tight. It is the slide-blocks and piston head which should be made 
to act as guides, and if these be not accurately fixed in line or 
become a little loose by wear, the packing will blow unless it is made 
free to move laterally with the rod. 

In fig. 107 is shewn a form of metallic packing, known as the 
"United Kingdom Metallic Packing," which has given good results on 

locomotives Split rings of white- 
metal, of triangular section, are held 
in a brass frame, which is free to 
slide laterally against a surface upon 
which it is pressed by the steam 
and a strong spring. As the white- 
metal wears away it is kept in con- 
tact with the rod by the pressure of 
the spring. For such jmckings to 
work satisfactorily the rod must be 
quite true, and free from shoulders 
at the ends. Good lubrication is 
also absolutely necessary. It is 
generally supplied by means of a small 
siphon or drop lubricator to a pad 
resting upon, or even surrounding, the 




Fig. 107. 



piston rod, which is thus kept moist with oil. 
Soiling Contact Bearings. —Ball-Bearings.- 



-Although under the 



THE DESIGN AND LUBRICATION OF BEARINGS. 383 

conditions of running which obtain in practice at ordinary speeds and 
with heavy loads well lubricated bearings of the usual character give, 
perhaps, the smallest coefficients of friction available by any means at 
our disposal, when the loads are light and the speeds low better 
results can be obtained with ball- or roller-bearings. They are con- 
sequently coming largely into use for cycles, light vehicles, various 
kinds of clockwork, etc. 

The coefficient of friction is not affected by changes either in the 
load or the speed, and only to a very slight extent by the viscosity of 
the lubricant, which only tends to replace solid friction by viscous 
friction, and thus reduce wear. 

The ball-bearings for cycles are being made as dust-proof as pos- 
sible, and are also frequently provided with an oil-bath. This enables 
the bearing surfaces and balls to be kept clean and well supplied 
with the lubricant. The balls run on coned surfaces, so designed 
that any wear can be taken up by lateral adjustment and an accurate 
fit secured. 

In all cases where ball-bearings are used, it is absolutely imperative 
that there should be freedom from shock or jar, for a smart blow will 
either break the balls or destroy the accuracy of the surfaces upon 
which they run. Although the crushing weight of a ball £-inch 
in diameter is as high as 5000 lbs., the load it will carry without 
breaking is only about 200 lbs. The crushing load is proportional 
to the square of the diameter. The ball paths of bicycles are 
frequently made concave, their radii being somewhat larger than that 
of the balls. Each ball has then two points of contact. When the 
distance between the races is carefully adjusted, and the balls are 
accurately centred between the faces, the frictional resistance is that due 
to rolling only, and the pressure on the balls 
is merely that due to the load. If, however, 
the balls should work slightly out of position, 
they jam, and the load upon them, and -fl_ 4tjT 
therefore the friction, increases. The best 
design of ball-bearing is shewn in fig. 108. 
Here, each ball runs upon three races instead 
of two. The friction, however, is not increased Fig. 108. 

on this account, as the resistance to rolling 

friction is proportional to the load, and therefore independent of the 
number of points of contact, always provided that at each point of 
contact the friction is rolling friction only. True rolling friction is 
obtained by making the angle of the cone forming the inner path 
such that its apex falls on the centre of the axle at the same point, A, 
as does a line drawn through the two points of contact on the outer 
cup. In this design, the balls cannot become displaced, the friction 
wholly results from simple rolling, and the balls firmly control the 
hub laterally. It is necessary to make the clearance at the point C, 
between the cone and cup, very small, so as to exclude dust. Now it 
will be noticed that if the cone be not properly adjusted, and the 
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balls rem loose, the faces at C may come in contact and the friction 
be greatly increased. On this account it is essential that the cones be 
very carefully adjusted, so that the balls shall not jam on the one 
hand or run too loose on the other. 

Fig. 109 shews a hub complete, fitted with balls, each having 
three points of contact 

Ratter-Bearing*. — In cases where the toed is steady, bat too gnat 
to allow of the use of balls, rollers are now frequently used. Tb» 
great advantage they — for some purposes — possess over plain bearing* 
arises from the small resistance to motion they offer at very low speed* 
This is a very important consideration where heavy str uctur e s, such 
as swing bridges, have to be moved, or when vehicles have to be 



started and stopped frequently. 




'Great Pan!,' the big bell at St 
Paul's Cathedral, which, with 
its headstock and other moving 
parts, weighs nearly 25 tons, is 
now supported on roller-bear- 
ings. The friction is one-seventh 
less than was given by ordinary 
bearings. RoUe^beanngs have 
been in use for many years in 
cases where the structure was 
only occasionally moved, but it 
is only lately that they have 
been introduced for vehicular purposes, although even now they can 
only be said to be in their experimental stage. We shall illustrate 
several designs made by the Roller Bearings Co., Limited, of London. 
Fig. 110 is the form supplied for motor-car wheel bearings. The 
seven rollers are held in position by a floating cage, which keeps them 
in line with the journal upon which they run. To prevent end-play 
balls are used. 

A B 



Fig. 109. 





Fig. 110. 

For tram-cars the bearing shewn in fig. Ill lias been designed. 
Here the rollers are carried in a cage as before, but undue end-play is 
prevented by a kind of pivot bearing. 

Bearings of this description require very little lubrication ; indeed, 
only just as much oil as will prevent rusting is required. 

Methods of Applying Lubricants. — Efficient Lubrication. — It will be 
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seen that it is possible to take advantage of the low f rictional resistances 
which perfect lubrication gives without either incurring waste of oil or 
undue complication of parts. At the present time, the scientific design 
of bearings can perhaps only be regarded as in its infancy. But it is 
inevitable that, as the true principles of lubrication come to be better 
understood, the use of solid or semi-solid lubricants will be largely 
given up, and for all quick moving machinery the oil-bath or its 
equivalent will be almost universally used. 

Pump Circulation. — Instead of placing a reservoir beneath or above 
each bearing, and allowing the latter to automatically lubricate itself, 
the plan is often adopted of supplying the bearings of engines, dynamos, 
etc., in an engine-house, from one or more raised tanks into which the oil 
is pumped from a common well, to which the lubricant gravitates as it 
runs off the brasses. By this means the oil is used over and over again, 
and can be strained, clarified, and replaced as desired. This method 
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involves the use of a rather intricate set of supply and return pipes, 
and the bearings must be designed so that the waste oil may be 
collected without loss as it runs off the steps, slides, etc. 

Siphon and Drop-feed Lubrication. — Although the old forms of 
lubricators are being dispensed with to a large extent in favour of more 
perfect automatic contrivances securing more or less perfectly the advan- 
tages of bath lubrication, it is unlikely that they will be displaced 
entirely, for there are cases in which the conditions of working are 
such that the lubricant cannot be recovered, and must be supplied 
continuously in small quantities. Slide bars and piston rods are cases 
in point. Siphon and drop-feed lubricators are largely used for these 
and other purposes. 

The siphon lubricator used for lubricating a piston rod, shewn in 
fig. 1 07, may be referred to. It consists of a shallow reservoir in which 
the oil is stored, and a central tube, leading to the part to be oiled, 
and having its upper orifice raised a little above the oil surface. 
Through this tube is passed a wick of cotton or worsted, one end of 
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this to be done. The usual design of such a lubricator is shewn in 
fig. 114. By opening the upper tap whilst the lower one is closed, 
the centre globe may be filled with oil On shutting the upper tap, 
and more or less opening the lower one, the lubricant is allowed to 
flow into the steam space below, whilst the steam flows into the 
globe. 

It has been found more convenient and more economical to 
replace this simple method by an automatic contrivance which will 
feed the lubricant slowly, as it is required. One of the earliest and 
most satisfactory instruments of this class for locomotive engines is 
the Roscoe* lubricator shewn in fig. 115. The delivery pipe, which 
- passes well in to the steam pipe, must be of such diameter that 





Fig. 114. 



Fig. 115. 



both the oil from the lubricator, and the water resulting from 
condensation, can flow away freely along the bottom, and allow live 
steam to enter along the upper part of the bore. 

In many of these forms of lubricator designed for cylinder work the 
oil is displaced from the lubricator by the weight of a column of water 
produced by the condensation of steam from the boiler or steam pipe. 
Should there, in this form of lubricator, be a deficiency of water result- 
ing from a check in the rate of condensation, the lubricator may cease 
to feed. When the boiler is supplied by means of an injector, air, 
as well as water, is thrown into the boiler. Air thus introduced 
remains in the pipes leading to the lubricator, or even in the upper 
parts of the lubricator condenser, and by remaining there and pre- 
* James Roscoe, Leicester, Eng. Patent No. 1837. (1862.) 
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Tenting steam from entering, checks condensation and stop the 
feed of oiL 

A pipe too small in diameter or not having a regular slope towards 
the steam pipe, will become choked with* the liquid And prevent the 
lubricator working. 

The Boscoe lubricator consists of a chamber which can be fiDsl 
with oil from above. Near the top of this chamber is the delivery 
passage, which can be opened or closed to any desired extant by 
means of a valve. There is also in As centre a vertical tube, th» 
upper end of which is closed, and the lower end perforated to admit 
water or oiL Upon the vessel being filled with col, the tube remains 
full of air until the delivery valve is opened, when, the steam enter- 
ing the lubricator, the air is c omp r es s e d. The steam then rapidly 
condenses, and the water fells to the bottom. So long as the engine 
is running, the delivery valve is left slightly open, with the result 
that steam or water slowly entem the lubricator, and the oil slowly 
finds its way out Should steam be shut o$ the pre su me in tbs 
lubricator is relieved, the air expands in the central tube, and a 
quantity of oil is driven out which serves to keep the parts lubri- 
cated until steam is again turned on. The amount of opening which 
must be given by the driver to the delivery valve when the lubricator 
is fixed on a locomotive depends upon the number of stops which 
have to be made by the train, the temperature of the air, and the 
extent to which the steam is throttled by the engine regulator. An 
experienced driver can judge these points very satisfactorily, and 
obtain good results without waste of oiL 

For steam cylinders, during the last few years, sight-feed lubri- 
cators have been very largely used. Of these lubricators, and there 
are numerous designs upon the market, only a few can be relied upon 
to feed regularly under all conditions. 

A lubricator which meets these conditions fairly well is that 
designed by Mr OttewelL* 

The valve A (fig. 116) can be opened so as to allow steam to enter 
from a current which passes from the boiler to the steam pipe through 
a T piece screwed to the nipple H. The steam, condensing in 6, 
fills the whole of the lubricator with water, except the lower chamber 
R, which contains the lubricant. The valve A, being left slightly 
open, allows the water in 6 to flow slowly into the steam pipe, and 
steam to enter the chamber to make good the deficiency, in the same 
way as the valve does in Roscoe's lubricator. When it is desired to 
feed oil, the valve C is opened. Oil drops, rising through the glass 
tube, enter the chamber G, and, with the escaping water, pass by the 
plug valve A. As the oil passes away, water descends through T and 
rises in R. 

This lubricator has been found to work well on locomotive engines. 
For stationary engine work, however, it has been found advisable to 
make some slight alterations. 

* A. D. Ottewell, Eng. Patent No. 21,257. (1895.) 
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The lubricator may be considered as a 'Boscoe' cut into two parts and 
furnished with a sight-feed device, which makes it more easy to regulate. 

Another design * which will feed regularly is shewn in section in 
fig. 117. The branch S is coupled up to the boiler, and the branch 
H to the steam-pipe a short distance from the point where it joins 
the cylinder steam chest. Through these pipes there is a constant 
flow of steam, which can, however, be stopped by closing a cock on 
the boiler. 

To fill the lubricator,, the valve D is placed in the position shewn, 
and steam is turned on for a time. When the lubricator has cooled 
somewhat, and the reservoirs E and F and the glass tube G are full 
of water, D is closed by means of a handle. Before attempting to 
fill with oil, the fitting must be allowed to cool (these precautions 





Fig. 116. 



meed only be taken when the lubricator is new and quite empty). 
A is then unscrewed, and all the water that will pass away allowed 
to do so by opening W. Closing W, the chamber F may then be 
charged with oiL Steam having been allowed to pass through S and 
H, the centre of the plug D is filled with steam at the pressure of 
the boiler. Here it condenses, and when the upper port is open, the 
water enters £, passes down the port near the glass sight-tube, and 
then up the gauge glass itself. This current of hot water serves to 
keep the lubricator warm — a very necessary feature when very viscous 
mineral oils are used — and also to keep the glass full of clean water. 
The oil can be supplied at any desired rate by opening C. It is 
•caused to flow mainly by the difference in the head of the two ports 
in the side of the plug D, and as it escapes from the nozzle into the 

* R. M. Deeley, Eng. Patent No. 7281. (1892.) 
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rater, it forms drops, which rise up the centre of the i 
rate of I eed remains constant* however much the eonditiani 
may vary. This makes the lubricator vesy suitable for 
work. 

There are quite a number of sight-feed fabricate* in 
of water is the motive power, and most of the 
specialised that they are only suitable for certain kinds of wok 

There are other lubricators of the sight-feed _ 
oil is supplied by the pre ssure of a spring on a 




Fig. 117. 



also a number of cylinder lubricators more suitable for large than for 
small engines, and so designed that a piston, actuated by a ratchet 
driven from the engine cross-head, delivers at each stroke of the 
engine a definite quantity of oil. 

In the case of locomotives, the steam has often to be shut off, and 
the engine allowed to run for long distances without steam. When 
working in this condition, there is often too little steam passing 
through the lubricator to more than partially lubricate the engine 
parts. To prevent any serious injury to the rubbing surfaces under 
such conditions, lubricators are placed on the cylinders. The most 
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commonly used design is known as the Furness* lubricator, a sc< 
of which ti sh. -wn in %, 118. Oil is placed in the bell-shaped 
cliamber, from whence it feeds through the wick or wire gauze cup 
into the central passage, which it iills. So long afl the sfti 
pressure remains in the cylinders, the small valve shewn remains 
closed, but immediately steam is shut otf, a vacuum is formed, 
the valve is drown off its seat, a charge of oil enters the cylinder, 
and so long as the steam remains off, the oil is slowly f 

To secure lubrication whilst the shut off, the stream of Oil 

and steam coming from the B%ht~£eed lubricator is, in Smith's 
design, reinforced by a jet of steam, which, by an air vah 
caused to flow direct from the boiler and open the steam- valve wh«ii 
there is a vacuum in the steam-chest. 

Design of Cylinders,— To secure good cylinder and valve hibl 
tion, it is essential thai attention be paid to the conditions which 
determine whither the oil shall r e ach the surfaces or not. The 
greatest enemy to good cylinder lubrication is water. It wets the 





Fro. 118. 



Fto. 119. 



\ where there is any abr i >n, and effectually keep 

sent in undue quantity, either bee 
hi into the steam-chest and cylinder from the steam-pipe, 
>le to escape from the cylinders owing to the wbkh 

team-ports are placed. When water comes from the steam-pipe 
:iy quant] ; r should be oaed and the steam dried. 

This is nearly always done in the case of high-epeeo! an h as 

the Willans engine. To ensure the escape of such water as condenses 
in the cylinders, the ports should be placed below them, or so low at 
the aide € at all the water may drain away with each opening 

of the exhaust port. Proper drain pipes must also be fixed to the 
lowest points i haust pip height, or the 

water will remain in the pipe to a sufficient extent to keep the 
cylinders in a wet condition, and so prevent proper lubrication. To 
rid of such wat< no fiw oyHndew and cannot get 

away freely through the main valves, Holtfa drain valve has been 
found very efficient A section of thin valve is shewn in fig; 119. 
* H. D. Fumes*, Eng. Patent No. 2487. (1871.) 
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Here the two valves, which slide freely on a spindle, so control the 
movements of each other that the one having the greatest steam 
pressure upon it remains shut and holds the other open. This results 
in the closing of the drain valve at that end of the cylinder receiving 
steam, whilst the valve controlling the drain pipes at the end of the 
cylinder which is being exhausted remains open. Provided that the 
drain valve is not too large for the cylinders, the water is drained with 
very little loss of steam, and the bottom of the cylinder, which, in 
horizontal engines has to carry the weight of the piston, remains well 
lubricated. 



CHAPTER XL 

THE LUBRICATION OF MACHINERY. 

Genuineness of Lubricants. — The engineer in charge of a works, 
factory, or mill, the engineman in charge of a steam, gas, or oil engine, 
or even the possessor of a cycle or motor-car, although deeply 
interested in the genuineness and nature of the lubricants he uses, has, 
as a rule, very limited means at his disposal for determining the 
nature of the oils, greases, etc., which he purchases. It is no doubt to 
this state of things that we must attribute the very extensive use of 
adulterants by manufacturers of lubricants, and the placing upon the 
market of improperly or imperfectly refined oils. 

Makers of sewing and other small machines generally themselves 
sell the kind of oil most suitable for their lubrication. Such firms are 
able to obtain a genuine article, and it would be contrary to their 
interests to allow their customers to use an unsuitable oil. The 
retail prices charged for such machine oils are, however, so high as to 
be prohibitive where lubricants have to be used in large quantities, 
and it is then necessary to purchase from a wholesale dealer, and to take 
proper precautions to insure that the lubricant is free from adulterants, 
and suitable for the bearings upon which it is to be used. 

The most valuable and expensive oils, such as sperm, olive, and lard, 
will not always be found pure. Sperm oil is mixed, among other 
things, with thin mineral oil, and olive with cottonseed oil. The 
same may be said of lard oil, which frequently contains a large pro- 
portion of the cheaper cottonseed oil. Indeed, most of the lubricants 
are mixtures of various liquids or soft solids, some of which are very 
injurious. Adulteration, with a view to the thickening of the lubri- 
cant, is mainly resorted to in the case of mineral oils ; these are 
also adulterated with rosin oil, and occasionally with neutral coal-tar 
oil. The sophistication is often very skilfully done, the problem 
being to add such cheaper ingredients to the more expensive oils as 
will enable them to pass as many of the tests of the chemist as 
possible. Attempts are sometimes made to thicken the thinner lamp 
oils, so as to make lubricants of them. It thus appears that unless 
the purchaser has some means of ascertaining the true character of 



173 1:: ±zz :n _ a>~ lubricant*. 

. . - ."■ :-r .- ---^lj. "..- L^ little -.r no guarantee of it? 

. _- ■ .: :: - .• ---■:.* i— - *-- -:. ^ i-i-e »■ : I-J.> years in the quality of 

--__ . : * .--.:- --. 1 7 .!.::• ve.i n>r:h'--l> of refining, tas 

■.- - ■ _--_.■. - "ii-- :".lit. ir. 1 ::.-- I: .rhtrr fractions are mure 

. ■ — _.-.-•- :? z_ *.;.- l-.i'- ir: :.->. thu* n-tkin^ the various 

?^TTi> r^ns izr Ar^I-erar.ts. — I:. ::.r i-.ajority of instance?, :he 

■ .— : z : ..\r- : t -z_i-l t^:: :. L_ts r..- means of obtaining an 

-. ■ i~: v.--._- : ;.. : rr:~ ... -.r-iitrr «f the oils supplied to him, 

_ . : ;-:.:^_- _l _:. ilr:: :al oherL:-: versed in the nit th<ds 

:...:-.•-_:_ . . * ^--. : 7 — v^v ..: t:.e adulterants used require 

• ■ .. .-.---■_-- - - :_ ".t>- : ::.-:: ': r*r^r..r. li. Chapters VI. ami VII. 

.. -- .:. • -..-.: .il :--f":l : :V.e cL-r^.Ieal and physical methods 

-- : : "_ - .---:.- : _ :;I>rir.:."= Live V*:en described in fulL 

-" : ■---- .- i_" "■* :r: r.^i "-v a skilled analyst in a properly 

.. -._.'*.-— ^ r_r : ti.- >s:s. however, can be made with 

. .j-.:.-. ■—'. :"..:.^r :L-r e^-in-trr .should make himself 

."-. "■— > l^ ■: 7 —Jl funis':- sor.*»- very valuable informati"n 

-'-.. .: ._- -.:-— ._i ". -r- -rn:-s f the lubricants offered to him. 

•- -_ • r ..-. :-<: i : i^ i.:il is - ne of these (p. 206). A 

.: *" >--7_ :t-: .si. "t xi.Si.lv in a stoppered 50 c.c 

■-: -_--.: .. : ~'~'- l?"* •:.-.<= al-.-ut 1 4'1 grins.) of the 

..-:-" T~. v*.::. -rr is nilv-l up to the markwith 

■ ".-.:.-.--„•} *"..-■■ r.*. I; ■:.:!. d»*in s»«lurii.«n is adtlwl, 

-■' .-".:;_- T . ::. fr -v. 1 r-urvtte, until, on shaking 

.- -•?■..-.:.:. TL-: iii ::/••- iff c.c. «_»f caustics -l.i 

1 " " ■■ --- -. i'. • : x::.. .tely. the iiercentagc of I'm* 

. . - _ —1 :.. - ".m::.:.*. ::» :•->: mixer, and the huivtte 

■ ■ - : _: -■-". :"..: \ :V.v s;.ill:n« r s from any dealer in 

- * .- !/.:._■ •".:.■ l:::::u- i«api.-r in the oil, a* 

: . :."...> . ■> It" :•_■?:. Another easily made ;m«l 

■ •: ■* : "t •"..:: :.-j". :>s :».-: it gumming jiroperties 

. * " I" ...:."•■ . :.:-■.!>.- ^ir^ur-i instead of l»eing weighwl, 

:■•". "..::-■ '*;, •*>" ■?.imf •::•* Jit ions with a stamliril 

: - : . .:.: ::.. .:: r. n.ay V-? gained. The watch-glass*.- 

". - : ' -.".-. ::. z.y s*:::alle hot situation priitectnl 

.".-■; :. :"... :. ■■: Air «t watt-r-ovi-u can Ik- disprn^l 

•■;■-- :: is -:: w-.rth tin- trouble and time l» 

• : : :-.:-. : :':.e adulterant used, the tests l»eiiii, r 

s ' .. ::. V. .-.:. v.-;.-.:hrr the sani]»le examined is lit 

> . *> .■■**:■.;::. :'.. - li,":.: of the results obtained with hi^ 

- ■ ■ '"..-.". '. :".-. -:..•::.• .:• in m«'St cases v.* detect the caus- t-f 

• ... ..:;- . . -..- ik:::-;. \\":^.-:i the quantity of oil, grease, et<\. 

. . -...,.:". :..• > :>..t A -s..ry :<i have analyses of the lubricants 

*. : . :'. ■ v.: . ;o " y a .. nr.v-rent analyst, in order to make sure 

.: :'..:;. :.:. sv.::a : :•? f r the purposes required, and are equal in 



THE LUBRICATION OF MACHINERY. 



39~ 



lality to the sample ottered, or that they comply with the specifica- 

ter VII. pp 295-318.) 
Qualities and Properties of Lubricants.— A ridity— A. 

ita differ from mineral lubricant* in bh< 
il const] t in many of fcheil p 

closely resemble each other, and it is la these common 
Ling values. Of the^ j m )\ k 
id oiline reasiness arc the most valuable. But it 

that an oil which would he I gp 

of practical us- allowed 

acid, or to its prop iking up oxy: 

bempexsr 
j c:ky mass lie hind- The*. I j »r< 4 N 1 
dealt with in detail in pre n, and need only he 

18 to which the hihri- 
put 

e.l to the atmosphere ll* 
gs rapidly thicken by oxidation, and finally form gum- 
V*m log the niovit 

A high the rapidity 

Guniming oils, , should n 

rapidly b 
lduce the low throuj 

cm to the ml 

which B 

imulationof 
terial saturated wil place, I 

n pipe ed in closed cupboaj tould 

in n air, for in t; of oxid 

low i guniming 

Mineral oils, which 

v slightly (see p, 21 
tiines wli 

Mt, the [j ed wiih pat&fl 

tea, and 

v, is thai 
asm) 9 feet long by 4 

ide, It 1 

ilc from 

inple, is pi 



396 LUBRICATION AND LUBRICANTS. 

tending to thicken the oil will gradually arrest the motion, and the 
effect after a few days will become marked, the best oil flowing the 
greatest distance. 

All animal and vegetable oils, greases, fats, etc., as well as mineral 
oils, contain acid constituents which will attack the metallic surfaces 
of bearings, and form soaps of iron, copper, etc. The tendency they 
have to become more acid with age is very slight in most cases. The 
•extent to wliich lubricants may be expected to contain acid con- 
stituents, and the best methods for their detection, will be found in 
Chapter VII. page 201. 

The temperature at which an oil flashes when a light is brought near 
its free surface is called the flashing-point. This property has been 
fully discussed in Chapter VI. page 178. No lubricating oil which 
flashes below a temperature of 340° or 350° F. should be used for 
indoor machinery without special precautions being taken to prevent 
risk of fire. 

Freezing. — Many oils, which at ordinary temperatures are clear, 
transparent liquids, become, if the temperature falls sufficiently low, 
white, opaque, solid masses. Sometimes, as has been shewn in previous 
chapters, the whole mass of the liquid solidifies at some particular 
temperature, or certain constituents are thrown down as precipitates ; 
whilst in other cases, as the temperature falls, the liquid becomes more 
and more viscous, and finally becomes a soft solid. This must be 
borne in mind whenever bearings are exposed to cold. In such 
cases the reservoir in winch the oil is stored, and the trimmings or 
other arrangement for supplying the oil in a regulated stream, must be 
placed close to the shaft, so that the heat resulting from a deficiency 
in the supply of the lubricant may cause it to flow again, if, by chance, 
an oil wliich easily solidifies should be used. 

Greasiness and Oiliness. — When a grease is rubbed between the 
fingers it will be found that they slide freely over one another even 
when they are pressed together with considerable force. A similar 
effect is produced when a greasy finger is rubbed over a sheet of glass 
or other smooth solid. This arises in great measure, if not wholly, 
from the fact that the grease is not a liquid or viscous substance, but 
a plastic or very soft solid, which cannot by pressure alone be wholly 
driven from between the surfaces. On the other hand, the soft solid 
is easily sheared, the resistance offered to the sliding of particle over 
particle being very small. This property of greases causes them to 
form very thick lubricating films even when the loads are heavy and 
the speeds moderate. At higher speeds, however, they do not com- 
pare favourably with the oils, the frictional resistances being much 
greater. 

Except for special bearings, greases are now giving way to blended 
oils, for the high coefficient of friction and resulting loss of engine 
power is by no means compensated for by the decreased cost of the 
lubricant. 

Greases are genemlYy muta Vj tnckb»% ^NSk *• ^ *st \atta\ ^ 
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alkaline bodies, such as lime or soda. With the addition of water 
they form soaps, and the mass is easily emulsified. In some cases 
solids, such as black-lead, French chalk, mica, and gypsum are added. 
A number of these lubricating greases are described in Chapter V. 
page 121 et seq. 

The corresponding property in the case of liquids, which prevents 
the lubricant from being easily pressed out, is called oiliness. Different 
liquids possess this property in very different degrees. Thus, although 
sperm oil is much less viscous than glycerine, it will be found to be a 
much better lubricant. The glycerine feels harsh between the fingers, 
whilst the sperm oil feels smooth and greasy. The viscosity of an oil,, 
therefore, by no means furnishes us with an index of its lubricating 
value. With high speeds, moderate loads, and good lubrication, it is 
no doubt the degree of fluidity which principally determines the value 
of a lubricant for any particular purpose ; but when the speeds are 
slow or very high, the loads great, or the lubrication imperfect, oiliness 
plays the most important part in the reduction of f rictional resistances. 
(See Chapter III. on Superficial Tension.) 

The property of oiliness is generally possessed most markedly by 
the animal oils, less so by those of vegetable origin, and least of all 
by some mineral oils. It is on this account that the fatty oils are so 
frequently added to mineral oils, for they give to the latter just that 
property in which the latter are most deficient. 

No simple laboratory test has yet been devised for ascertaining the 
comparative oiliness, or carrying power under heavy loads and at low 
speeds, of lubricants. Such information is generally obtained by 
means of mechanical oil-testing machines. However, the value of the 
results they give, considered from this point of view, varies with the 
speed, load, and method of oiling adopted — matters which are as fully 
discussed in Chapter IX. on the Mechanical Testing of Lubricants as 
our present knowledge seems to warrant. 

Viscosity. — Upon the viscosity or degree of fluidity of the lubri- 
cant depends the resistance it offers to the motion of the rubbing 
surfaces of quick-running machinery, and also, in some measure, the loads 
which bearings will carry at ordinary speeds without suffering abrasion. 
Each particular animal or vegetable oil has a viscosity which does not 
vary greatly in different samples, and may be regarded as being in 
some measure an indication of its purity or genuineness. The viscosity, 
therefore, need not be specified when ordering, but should be 
determined for the purpose of ascertaining probable purity. Mineral 
oils, however, having a great range of viscosities, may be purchased, 
and it is necessary to state in all cases the degree of fluidity required. 

The viscosities of all lubricants vary very considerably with changes 
of temperature. Thus an oil which, as long as the journal runs cool, 
is sufficiently viscous to carry the load properly may become so fluid, 
if the temperature should rise from any cause, that the rubbing 
surfaces close together and cut and tear each other. The variability 
of the viscosity of a lubricant with change of temperature is often so 
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'wetted again, benzine or benzoline, which dissolve the mineral oil, can 
be used.* The solvent should be applied first in a ring all round the 
■spot, and gradually brought nearer to the centre, and a fibrous 
substance, such as blotting-paper, used to absorb the oily solution 
which is driven to the centre. If the solvent be applied to the oily 
spot direct, the grease is caused to spread into the fabric. 

Blended Lubricants. — Mixed or Blended Oils. — Mineral oils being 
much cheaper than the better class of fatty oils, and as, at the same 
time, they possess valuable properties which they confer upon other 
lubricants with which they are mixed, the use of blended oils has 
now become common. Indeed, quite apart from the pecuniary aspect 
of the case, the blended oils are for many purposes superior to either 
pure fatty oils or pure mineral oils. The percentage of mineral oil 
permissible varies according to the load, speed, etc., for, unfortunately, 
many, if not all, mineral liquid lubricants are deficient in the property v 
we have called oiliness, and can seldom be used quite pure. Indeed, at 
one time mineral oils were regarded with great distrust both by chemists 
and engineers, and when found mixed with fatty oils they were regarded 
as objectionable adulterants. The reverse now seems to be the view 
often taken, fatty oils being sometimes looked upon as adulterants 
when found mixed with mineral oils. This view seems to have 
arisen from a conviction that the lubricating value of an oil is wholly 
due to its viscosity, and that as mineral oils can be prepared of any 
desired viscosity, fatty oils could be wholly dispensed with. Oils 
were consequently placed upon the market which were stated to be 
free from fatty oils, and were sold as pure mineral oils. They, how- 
ever, proved to contain on analysis a proportion of fatty oil — in other 
words, they were really blended oils. 

In the majority of instances these mixed oils answered admirably, 
a fact which served to strengthen the view that, from a frictional point 
of view, viscosity was the property which determined the value of an 
oil. But chemical analysis was not slow in proving that these so- 
called pure mineral oils really contained fatty oils, and that it was largely 
•owing to the presence of these fatty constituents that the good results 
obtained in practice were due. More rational views are now coming 
into vogue, and » users of lubricants are beginning to recognize the 
fact that the best lubricant for any particular purpose can only be 
obtained by the careful blending of animal and vegetable oils, fats, or 
waxes with pure mineral oils. 

The following broad principles can, in the absence of more accurate 
knowledge, be laid down. 

Fatty oils act best at great pressures, mineral oils at light pressures. 
On the other hand, viscid oils give the best results at low speeds, 
and thin oils at high speeds, t 

Pure mineral oils are only suitable for pressures below 70 lbs. per 

* Pentecost, Jour. Soc. Chem. Ind. t 1897, p. 409. 

t Any pressure below 70 lbs. per square inch may be regarded as a light load, 
and any speed below 100 feet per minute a low speed. 
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square inch" when the methods of lubrication are 'perfect' and the 
metals in contact are such as do not readily seize each other. With 
increasing loads, the proportion of fatty oils it is desirable to add 
must also increase, if satisfactory results are to be obtained as regards 
friction and wear. By increasing the viscosity instead of adding a 
fatty oil the friction is sure to be increased, even though the rate of 
wear of the rubbing surfaces may be reduced, and more power is wasted 
than the economy in fatty oil warrants. 

From the chemical point of view there are good reasons for mixing 
as large a proportion of mineral oil with any fatty oil as will not 
interfere seriously with its load-carrying properties. By such ad- 
mixture, the tendency to gum is much checked, the oil remains 
fluid, and cotton waste saturated with it is much less liable to fire 
spontaneously. 

As bearing upon the changes which take place in blended oils when 
used over and over again for long periods, the following results may 
be here given. The oil in the first column, marked ' new,' is a blended 
oil used to lubricate the ' blower ' of the Thomson-Houston dynamo. 
The same oil is used to lubricate the armature bearings. The oil in the 
second column, marked 'old,' is some of the same oil which had 
been used for the latter purpose, filtered, and used again, for a 
period of 6 months. 

Relative viscosity «at 60° F M 

Relative viscosity at 100° F., t . 

Specific gravity at 60° F., . 

Total fatty acids, ..... 

Free fatty acids, 

Difference ; equivalent to neutral fatty oil, . 
Mineral oil, 

The above results shew that by continued use there had been a 
loss (probably by evaporation) of mineral oil, and a consequent 
increase in the percentage of fatty oil. This change had resulted in a 
slight increase of viscosity and of specific gravity. The fatty oil had 
undergone some oxidation resulting in a lowering of the melting- 
point of the fatty acids and a darkening of the colour, also a slight, 
but only very slight, increase in the percentage of free fatty acids. 

Animal and vegetable oils cannot, however, be added to all 
mineral oils with impunity. Solid hydrocarbons, for instance, are 
present in some mineral oils, which, when they are mixed with 
vegetable oils, may separate out as a precipitate, and cause trouble 
by clogging trimmings, lubricating valves, etc. 

We have seen that much is to be gained both in economy and 
efficiency by mixing in suitable proportions mineral oils with fatty 
oils. Quite a number of these blended oils are placed upon the 
market, many of them being sold at fancy prices. It is better, how- 
ever, for the engineer to purchase the pure lubricants he requires, 
and to blend them \i\mse\i to svxvt the conditions under which they 
are to be used. 
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Fats and Greases. — The contrast in lubricating properties between 
mineral and fatty oils exists equally in the case of a pure mineral 
grease like vaseline and an animal fat such as tallow, the latter 
possessing in a far greater degree the property of greasiness. In the 
case of purified vaseline this is due partly to the fact that the exces- 
sive refining tends to remove those constituents of the crude oil upon 
which the lubricating property depends. Thus some of the best 
mineral cylinder oils, which are excellent lubricants, are obtained 
from the same crude oil as vaseline. 

A large number of lubricating greases are made by incorporating 
or emulsifying animal and vegetable fats with soap and water, also 
by thickening mineral lubricating oils with soap. Some of these are 
described in Chapter V. p. 120. Large quantities of these greases are 
used, with very good results, for the lubrication of railway wagon axles, 
and some of them are excellent lubricants for the bearings of slow- 
moving machinery. When the loads to be carried are exceptionally 
heavy, solids such as plumbago and soapstone are sometimes added to 
the grease. These solids prevent abrasion at points where the pressure 
forcing the surfaces together is very great. 

Except in special cases, greases should not be used for quick- 
running journals, shafts, or spindles, the frictional resistance which 
they offer to the relative motion of the surfaces causing great loss of 
power. Thus a case is mentioned by Simpson in which the owner 
of a mill using water power decided to use grease as a lubricant 
instead of oil, but owing to the increased friction, the change in the 
method of lubrication caused the water power to be insufficient to 
drive: the machinery, and the use of oil had to be reverted to. Prof. 
Woodbury used oil for one of the two rows of looms in a cotton 
mill, and for the other a consistent fat. He found that, under the 
same running conditions, the temperature of the bearings lubricated 
with oil was only 4° higher than the temperature of the room, whereas 
the temperature of the other bearings was 22° higher. With soap- 
thickened mineral oils there is the liability of separation taking place, 
especially under the influence of steam or moisture. The mineral oil 
runs away and leaves the soap in the grease-box or on the bearing, 
which is apt to run hot in consequence. 

In the case of fats and greases whose melting-points are not much 
above the temperature of surrounding objects, it generally happens 
that the lubricating films are so warmed by the friction of the bear- 
ings that they actually melt when drawn between the rubbing sur- 
faces and act as oils. 

Although unsuitable, on the whole, for moderately quick-running 
machinery, greases answer admirably in cases where the speeds are 
low, or where a low coefficient of friction at starting is essential. 
The cheaper greases, made with rosin oil and lime, are used for cart 
and truck axles, whilst those composed of lubricants of superior 
quality are made for railway wagons, pedestals, etc. 

Being soft solids (pp. 375 and 386), special methods have to be pro- 
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chamber, from which it can be drawn for use. The filter pads are 
readily changed or cleaned. 

A filter of different pattern, of which a and b, fig. 121, are 
sections, is supplied by Bertram Thomas. The dirty oil is placed in 
the chamber a, to the bottom of which water, dirt, etc., gravitate. 
The oil having freed itself from the coarsest and heaviest impurities, 
forces itself slowly through the chamber d which has been filled with 
compressed new twist (preferably white unbleached), rises over the 
partition e, and then filters through the chamber /, also filled with 
compressed twist, into the chamber g, from which the clean oil can 
}>e drawn off through a cock. It is necessary to heat the oil to 
140°-212° R, according to its consistency. This is done in the 
lower part of the chamber a by means of a coil e, through which steam 
can be passed from the engine mains as desired. 

Grit, etc., in Oil. — Before rejecting any particular lubricant because 
difficulty has been experienced owing to the heating of the bearings 
supplied with it, care must always be taken to ascertain whether the 
fault really lies with the lubricant, or with impurities accidentally 
introduced. Enginemen are apt to think that a certain number of 
hot bearings are sure to occur, however careful they may be. No 
doubt, even when the greatest care is taken, bearings will occasionally 
run hot. But in all such cases the heating must arise from some 
irregularity, and the extent to which trouble is experienced is, in the 
majority of instances, a measure of the capacity of those in charge of 
the machinery to keep things in good order. Thus, as an instance, 
although the quality of the oil used may be excellent and very suit- 
able for the purpose for which it is being used, still the engineman 
may be troubled with hot bearings, often, indeed, when extra care 
has been taken to keep the machinery in good order by giving it an 
ample supply of oil. This almost always arises from the presence in 
the lubricant of mechanical impurities, such as sand, sawdust, glass, 
vegetable fibre, mucilage, or precipitated paraffin wax. In transparent 
oils these are easily seen, but in the thicker dark varieties they are 
almost entirely invisible. When oil containing such impurities, which 
it very commonly does, is poured into oil cups in the usual way, the 
6olids are filtered out by the trimmings, or settle to the bottom of the 
reservoir, and do not get into the bearings. But enginemen frequently 
go round their engines and run a little oil into the ends of the bearings, 
or even remove the trimmings or oil-pads and pour oil directly upon the 
bearing surfaces, and thus introduce grit at points where it can easily 
get between the rubbing surfaces. Films of various kinds also settle on 
the trimmings, or obstruct the oil passages, and prevent the oil from 
finding its way with the necessary freedom to the working surfaces. 

Straining of Oil. — In most engine-houses the different oils required 
are stored in iron tanks, from which they can be drawn as required. 
Into these tanks the lubricants are pumped from the barrels supplied 
by the oil merchant. To ^Tvdcta *& tms&Il of the oil to be removed as 
is possible, the pump pvpe \» p*s&^ >^q\^^^\sq^>^& ^s^tnuhci 
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to within a very small distance of the barrel bottom. The oil, as it is 
drawn out, thus carries with it the greater part of any solid material 
which may lie there. To prevent such foreign matter from passing 
into the oil tank, a receptacle made of fine wire gauze should be fitted 
into the man-hole of the tank in such a manner that it can without 
difficulty be taken out and cleaned. 

To still further reduce the risk of small particles of grit entering 
the oil can, the lubricant as it is given out for use should be care- 
fully strained through wire or cotton gauze as it is drawn from the 
tanks; for, however good it may be, the fine solid particles it sometimes 
contains, if, as we have seen, they should chance to be introduced 
between the rubbing surfaces, will give rise to excessive friction, cause 
overheating, and make the engineer feel uncertain whether he is using 
a suitable lubricant or whether his supply is really up to sample. 

When the loss which may result from the stoppage of the engines 
driving a large mill or ship, or generating current in an electric instal- 
lation, is taken into consideration, this double precaution, adopted to 
prevent the introduction of solid matter, does not seem uncalled for. 

Grit is also found in solids, such as graphite. As such solids mixed 
with fate are sometimes used to put upon bearings which have suffered 
abrasion and become overheated, its presence may quite defeat the 
purpose for which the solid was applied. 

Lubrication of Bearing Surfaces. — Lubricant* for Low Speeds (i.e., 
below 100 feet per min.). — When the relative speeds of the rubbing 
surfaces are less than 10 feet per minute with perfect lubrication, or 
about 100 feet per minute with siphon lubrication, the lubricant, 
instead of being forced between the journal and brass and parting 
them, is rather swept on one side ; the lubricant then depends for its 
efficiency almost wholly upon its oiliness. As the actual loads bear- 
ings will carry under such conditions without seizing depend largely 
upon the nature of the surfaces in contact, as well as on the oil used, 
it is not possible to give more than very general figures. The relative 
carrying powers of oils, greases, and solid lubricants can, however, be 
approximately stated, and the engineer must in each case by actual 
trial select that which gives the least amount of heating and friction. 

Dealing in the first instance with those lubricants which have the 
greatest carrying power we have — 

(a) Graphite, soapstone, and other solid lubricants used dry. Their 
efficacy depends largely u]>on the nature of the nibbing surfaces. 
Graphite, for instance, gives the l>cst results when used on cast-iron 
surfaces, which are naturally somewhat ]>orous. When these lubri- 
cants will not keep the l>earing cool, the liberated heat must l)e 
carried away by a continuous stream of cold water passed over it, or 
through perforations in the metal. The wear and loss of power under 
such conditions are very great. 

(b) Solid lubricants mixed with greases made from lard, tallow, 
vaseline, etc, or rosin grease. These mixtures are very suitable for 
heavy work, especially when metal works against wood. They are 
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lar^'ly used for all kimls of rough work, such as cart-axle*, tip 
wa^'iis, hauling machinery, etc., give a small coefficient of friction 
at J-jw >jhv1s. ■!-> nut waste away very rapidly by evaporation, avA 
do not run i.»ir the Waring, leaving them dry. 

(r) Axle j^rvases composed entirely of s*»ft solid, and liquid hiki- 
rants i*uiul>itied with water ami alkaline compounds to neutralize 
acidity. These pva.se-? are excellent lubricants for all slowly-moving 
shafts and journals which have to carry considerable loads. Even fi«r 
railway w.oms they art? largely usiil ; for the frictimial resistance is 
Mnall at I"W s|»eiil.s ami trains lubricated with them are easily started. 
i'l) Fixed oils such as lard oil, neatsfoot oil, olive oil, raj* oil, 
east»r oil, etc., must generally Ik? used pure if the load exceeds 250 
11*. i*r square inch. Indeed, in some cases, when the pressure is 
never relieve- 1, even these loads cannot l»e carried unless one ««r 
other i'f th* surfaces K- exceedingly hard. 

(e) 1'Jended nils, i>.. mixtures of fatty oils with mineral nils, can 
only In- used with numerate l«>ads, and, as the latter increase, the pr<>- 
I»-.rti««n i.f fatty lubricant must also increase, or the wear will 1o 
excessive. 

Lulritant * for M'+lerate Speeds (tie., above 100 feet but l*luw 400 
I»er min.). — At speeds exceeding 10 feet per minute for ]*rfect 
lubrication, and 100 feet per minute for more or less im]>erfect 
lubric-it:-»n. .i lubricant, in the case of a journal or shaft, f«»nn? a 
:i wi.i..-h wholly or alnmst win illy separates the nabbii:^ 
'• •ii'li::- -:ss under which thi> lihn fnrms hav«- Wen tullv 
:he rhipier mi The Theory ■»! Luhricatimi (p. 49). 1: 
'•■lied, however, that when the 1-uds are m««lfrite 
»p;are inch. «»r even ne>ie when th«' lubricati-ii 
e fricti-'ii and also the fonnatinn i.if the film ir*- 
wholly *\\w :■-■ the visc^ity nf the liquid. But with heavy Wis *i.e 
bearing .-urfaci- ar»* lT-'iu'lit into contact at a point on the 'off'sMe 
i if til- brass and when this is the case a liquid p'->sessin^ oilmen !■» 
a marked depve i- required to prevent seizing. 

In the c.i-e ••!' plane >urfaces, such asslide-hlncks. visensity is iii«t qui:e 
so iiiip-irtant a property fr»m a lubricatinii pnint «»f view as ■•ilin-'.-s 
and unle>s the l-.ads be small (70 lbs. per square inch or thereabout-), 
a g.'oil fatty nil must be used. 

In selecting a lubricant for jniirnals running under ordinary condi- 
tions of sjmmmI, greater attenti"ii should be paid t<» visensity than t> 
any i-tlnu- pmperty, provided always that the loads do not exceed 200 
or 250 H •>. pi-r square inch; for, by making the hearing surface* "f 
suitable materials, little harm will )>e done by the contact nf the n:l»- 
binj: .surfaces during the sh'»rt slnw-speed intervals uf runniiii:. The 
lubrieatii»n must, however, be as perfect as possible. Indeed, it i$ 
owiwir t<» the imperfect lubricating devices so largely in use that ex- 
pensive fatty «»ils have to be used in place nf the cheaper mineral 
one*. These expensive nils are somewhat apt to become acid or to 
iruni, but in reset vo\t WvYings carrying heavy loads, and properly 
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designed to give perfect lubrication, the objectionable qualities of 
the fatty oils it is necessary to use are masked by an admixture of 
mineral oil. Indeed, this form of bearing reduces the friction to the 
smallest possible figure, enables a cheap oil to be used, and economizes 
the lubricant. 

For bearings carrying small loads pure mineral oils answer admir- 
ably, the viscosity selected being the smallest that will enable the oil 
film to form properly. On the whole the lower the speed the greater 
should be the viscosity, and the higher the speed the smaller the 
viscosity. This applies with special force to mineral oils. With 
increasing loads, especially if the lubrication be imperfect, it will l>e 
found that considerable wear and overheating will result unless fatty 
oils be added ; but it is only in exceptional cases, such as when the 
lubrication devices are poor, that pure fatty oils need be used alone. 
For locomotive engine work, about 30 per cent, rape and 70 per 
cent, mineral oil will generally work well. 

Except in special cases, greases should not be used unless mixed 
with a good mineral oil, the oiliness of which they increase. 

The bearings of railway vehicles are somewhat exceptional. They 
have to carry loads of as much as 380 lbs. per square inch, and often 
run at journal speeds of 9700 feet per minute, as well as very slowly. 
On this account, great care has to be taken in their lubrication and 
design. The bearings are made of white-metal or bronze, are long 
and narrow, are well lubricated by a pad placed beneath the journal, 
and are kept cool to some extent by the rapidity with wliich they 
pass through the air. With bronze bearings, only about 33 ]>er cent. 
of the best mineral oil mixed with 67 per cent, of olive oil can be 
used without danger of trouble at high spqeds. 

Lubricants for High Speeds (i.e., above 400 feet per min.). — Quick 
running spindles, dynamo shafts, and, indeed, all kinds of high speed 
bearings, require ample bearing areas and thin oils for their lubrica- 
tion. The loads carried per square inch are consequently low, and 
pure mineral oils may be used with advantage. There are instances, 
however, where good lubrication is impossible, and to minimize the 
wear a good fatty oil must be used. The bearings for such speeds 
should always be so constructed as to keep the surfaces well supplied 
with oil without wasting it. When this is done, mineral oil contain- 
ing about 10 per cent, of fatty oil answers admirably, for there is then 
little wear, and the frictional resistance is small. 

Lubrication of Miscellaneous Machines. — The spindles of small 
machines, such a3 clocks, watches, and other delicate mechanisms, 
are generally of hard steel. They work either in agate or other 
polished mineral bushes, or upon hard brass or bronze. The speeds 
are generally slow and the lubrication imperfect. The pressures are 
also small, generally only a few pounds or ounces per square inch. 
The smaller spindles are carefully moistened with a fatty lubricant 
and put into position. The spindles then have the capillary spaces 
between them and their bearing surfaces filled with oil, which must 
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The rate of supply is thus regulated in accordani m With the volume of 
water pacing. When the pressure is below 750 or 800 lbs. per square 
inch, a mixed mineral and animal oil answers well, but for higher 
res soft soap is a better lubricant. Hydraulic ranis, slides, 
des, etc., in cool climates may be lubricated with tallow, provided 
1 be free from acidity, as this lubricant does not alter much at 
rdinary temperatur 
Solid Luhrkants. — Many solid substances, such as soaps tone, 
graphite, asbestos, etc, are used as lubricants. They cannot easily 
be sqiieezed or scraped from between rubbing surfaces, and ar<-, CO] 
quently, suitable where very great weights have to be carried on small 
areas, an d wl \ ere the speed of rubbing is not high, 1 1 n 1 ee d , some solid 
lubricants will sustain, without injury to the surfaces, pressures under 
which no liquid ones would work. As a rule, the bearing surfaces 
are made of exceedingly hard materials. Between cast-iron sun 
lumbago has been found to give good results. Mr. T. Shaw found 
it to h or to oil for the tables of heavy planing machines. For 

, such as are found in lace-making and silk weaving 
i aery, it is also sometimes used, oil being an objectionable substance 
"In such fine, clean work. 

Lubricants for Nufs f AV//.<, siav — To enable nuts, boiler wash-out 
plugs, keys, etc., to be easily placed in position, and removed again 
after standing, it may be for months or years, in warm places, a lubri- 
cant is required which keeps its nature and does not evaporate, con 
or otherwise injure the metallic surfaces. For such purposes, tallow, or 
Other fat or oil, or greases containing them, should on no account be 
No doubt they make the nuts, etc., work freely in the first 
instance, but in a very short time the fat undergoes a change which 
effectually corrodes the surfaces together. Even a mineral oil, although 
it does not set up corrosion, flows out of the joint in the course of l 
hours when heated, evaporates, and leaves the surfaces free to 'bind.' 
To prevent this, the best plan is to make use of a lubricant consisting 
of a tluck mineral oil or petroleum jelly mixed with black lead, 
i, even if tho fluid or semi-solid portion of the lubricant should 
riven out of tho joint by capillary forces, the black lead remains 
in the joint, keeps the nuts, etc, free, and enables them to be easily 
tightened or taken off at any time without risk of breakage or damage. 
Howev' re cases where no lubricant must be used, such, 

is the nuts of the bolts securing fish plates to rails, which, if 
fabricated, would be apt to slacken back* The same may be said of the 
bolts securing many of the parts of machines subject to vibration. 

Lubrication -Ave spindles, valves, etc., of 

tittiTj I to steam boilers are apt to work rather stiffly owing 

to the difficulty of lubricating them, and the rapidity with which 
most lubricants leave the heated surfaces. For them the mixture 
ribed above for nuts, etc., answers well, tho lubricant in all cases 
being a mineral oil or grease containing a lubricating solid such as 
lead or French chalk. 
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The glands of low-pressure boiler fittings may be packed with t*s:p 
or jute soaked in paraffin wax containing French chalk or black lead. 
Th* snft ^t did luhrirant rftovbt on no account ?e a fatty oil or : ;r*>r. 
Such lubricants attack the metallic surfaces with which they come iiy> 
contact and cause the glands to leak. For high pressure?, or in very 
hot positions, the hem]) must be replaced by asbestos cord or metallic 
packings. 

Some enginemen have adopted the practice of putting oil, or :Le 
waste water from their lubricators, into steam boilers, either through 
the injectors or into the feed water. This practice is on** which 
should not be adopted under any circumstances, for the acids ;L*is 
passed into the boilers give rise to or seriously accelerate the r^c 
of corrosion, which often results from the strains set up in the me:al? 
by changes of temperature, etc. Lubrication effected in this way no: 
only endangers the lives of those who adopt the plan, but is sure to 
seriously shorten the life of the boiler, especially if the water be soft. 
If the water be hard, greasy deposits are formed which are apt to 
cause over-heating and collapse of Hues, etc. 

Selection of Lubricants.— Although it is cl^ar that f. -r tach kind 
of tearing, spwd, Mini load, only a comparatively fow varirtie* «'f 
lubricants out of the givat numljer placed by manufacturers «..n tL- 1 
markt-t will !»? found to give equally gi»od result?, in pra^tic* the 
disadvantages resulting from having a large number of nil.*, ».■:«:., in u— 
at tin- >ame tiiii** i< mi gri'at that practical m»m, a.-* a r.:b\ pr^rV-r :■■ ">** 
a fi-w hibiiiMhts 1'iilv. M-li'i-u-il >.• that th*-y ,-ii :I1 ai.^w.-r .•..-* i:->.:W .s 
I »■ • — i" 1 -I-- f"i" all j •urj >-.-..-<. This limitation may, h'.iw»-v..-r. • •■ -■ irriv ! :■• 
•■x:r"!:.»- l'-ii^rh-. and -u-atvr wast»- «.f j.-.u-.-r a:.-l -i.i::..tj' :■• \v. : \:.:^ 
-i:: !!■■■■- caused tiian thi- c"iiVHni»:ii«:i* wariai.t*. % 

1 '•■;•. :•:- a-lvanta-.'-.- t"l- gained by i- iivf-il'y >-i-:i::j I •;"•■: :-..■:■.:- 
. - : I::..: :•• :h- ki:.-l • ■! Waring t-» 1- luhrieat-d ar- < l-.:rly •-■..- -1:1:1.2 
:.. :■■ .::. i ::.■■:>■ :■* .rk» d a< tinir g««'s by, f--r the H'»-vd- a: wh:.-h :"..»■ 
:::.:.::.-- •:.-»■ 1 ::. t»*xtih- industries r:n a:- l-.'con^ir.j jr» ■•.'.-: m-A 
_:< :■ :■ ■ . :. v. .:. .-.- ai- al«- t!>- l-a-I- pla-.".; vn ::-.;:. v.. 1 ::.- : -•■.:- 
::■_-. T'..- . :.;::! \- \:.d-r wh:»:h l" : -r:-:i::--ii h 1- :■■ "•■ ••:!•■■■:. -i ■.:-, 
:":.-. : : . :.-.;: ".".v : ::.::. j 1:. ■:•* -liv-rs.-, aiid th- ::::.- wh-:. ;:.r 

i .. - .■:. '.['.. - "1 *.! :. ■ t r.i* *i -.:.ts '.■•.:: i.\y }••- ■:■■:■ ::::•!: -L-- 1 * ?, y 
.- ::..:.::_ ■ \; ■:::..-:.: .V.v ::.- • xv :.: :•■ wh:-:h «:::S-:-:.: ■■:>. •:■■., 
: "... * ■ .: ..:. ■ ::..:: :.. ::■-..:. :..v ::. ::.■■ •. -: • : :1 > .■r..-n • ■:»;■ 



Cos: and EtEciencv of Lubricants.— Al::.: 
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shew of reason that the consumer can frequently letter afford to use 
the highest priced and best article than the lower priced one free of 
charge. This is certainly the case with small mechanisms, such as 
sewing machines, clocks, and the like. 

Not only may the loss by friction be largely increased by using an 
unnecessarily thick lubricant, or the tearings clogged by using a 
gumming oil, but the wear and tear of the surfaces may become very 
great and the life of the parts be much shortened by using a lubricant 
deficient in oiliness. It is therefore imperative that the chemical and 
mechanical, as well as the commercial, aspect of the question 'should 
receive careful attention, for many so-called special cil#, for which a 
high price is demanded, are really compounded of very cheap ingredi- 
ents. The experimentally ascertained quality and not the price alone 
must therefore be the guiding principle in the selection of lubricants. 

Management of Machinery. — Cleanliness. — One of the first points 
to be attended to, if machinery is to be kept in good order and 
work satisfactorily, is cleanliness. We have already pointed out the 
necessity of keeping grit and dirt of various kinds out of the lubricants 
used. But rapid wear and even overheating may result from dust 
blown alnnit the engine or machine room. On this account, proper 
care should be taken to prevent the accumulation of dust in corners, 
louvres, etc., for in windy weather it is liable to l>e suddenly scattered 
over the machinery. Indeed, every precaution should Ikj taken to 
prevent the admission of grit and dirt, the floors being moistened and 
swept repeatedly, and every corner scrajjed clean. In many cases it 
is well to cover motors, dynamos, etc., when not at work, by canvas 
coverings. 

The extent to which proper care is taken to keep the machinery in 
order, and in proper running condition, is nearly always reflected by 
the general appearance of the installation. Carelessness of manage- 
ment go hand in hand with dirty machinery and untidy engine-houses 
and shops. In many of our modern engine-rooms, dust, dirt, and 
scattered oil or waste are considered as much out of place as they 
would be in a dwelling-house. 

The nature of the task imi>osed iq>on the engineer in charge of an 
engine-room or mill depends largely upon the design of the machinery 
he has to look after. As extreme cases we may contrast the huge, slow- 
moving pumping engine of the last decade with the comparatively light, 
high-speed motors furnishing j>ower for a modern electric-light station. 
In the one case lubrication is generally effected by the old imperfect 
siphon arrangements, and in the other by the more modern automatic 
methods giving perfect lubrication. On the score of satisfactory 
running there is little to choose between the two methods, but the 
older machines cannot compare as regards first cost and economy with 
the more modern designs. But it frequently happens that steam, gas, 
and oil motors are made to run at speeds for which their lubricating 
arrangements are quite unfitted, and it is only by the exercise of the 
greatest care that casualties can be avoided. Free lubrication and 
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falls the duty of making good such defects in the tarings or their 
method of lubrication, by giving freedom to certain parts, such as slide 
bars, to expand so that they may not buckle with changes of tempera- 
ture, putting in lubricating grooves, etc., where they have been 
omitted, arranging for the proper escape of condensed water 
from the cylinders, and taking care that all the surfaces have 
been properly bedded together. All omissions detected or alterations 
made should, of course, be carried out with the cognizance of those 
responsible. 

Even when all precautions have been taken, an engine will 
seldom run cool if it be at once run with the full load on or at 
its maximum speed. This arises from the fact that for good 
lubrication, and to obtain a low coefficient of friction, the working 
parts must bed themselves together in a way which a fitter is quite 
unable to imitate. Indeed, in a short time all bearings, if properly 
designed, are worn to a shape which enables the lubricant to be 
drawn in between the surfaces and wedge them apart. When this 
shape has once been attained, further wear at running speeds almost 
ceases, especially if suitable methods of lubrication and proper lubri- 
cants be used. The machine should consequently in the first instance 
be run with a light load at a very low speed. Under those conditions 
the wear is comparatively rapid, especially if a moderately thin mineral 
oil be used and the journals and pins be allowed to bed themselves in 
the brasses. The speed should then be increased, and the blended 
oil used when, after some hours' running, the working speed has been 
attained. During this stage it is well to supply the lubricant lil>erally, 
to prevent overheating. 

In the case of railway vehicles, even when the greatest care is 
taken, a journal may run hot ; it then becomes necessary to change the 
brass. A hard white-metal or bronze bearing cannot be expected to 
run well at first, even if very carefully fitted, for the correct form 
of the surface can only be brought about by wear, and whilst such 
wear is going on at high speed the heat developed may be very great. 
To enable a vehicle, a bearing of which has become so hot as to damage 
the rubbing surfaces, to be run at once, a new brass may be put in 
with a lead surface about T l F inch tliick. This rapidly beds itself 
upon the journal in such a way as to form a good surface where the 
journal is smooth, and does not bind heavily where the journal is 
damaged. A lead surface of this kind, Mr. H. R. Haigh states, will 
run several hundred thousand miles without being worn off. 

Methodical Hdldts of Lubrication. — The most prolific source of 
trouble experienced with machinery arises from the occasional failure 
of the attendant to give each bearing its proper supply of oil. Ko 
doubt an unsuitable oil, the presence of grit, or some such cause may 
easily result in overheated bearings, but as a rule there must be a 
practically complete failure of the supply to give rise to a casualty. 
That this may happen very easily will be recognized when the 
number of bearings to be oiled in some machines is remembered ; 
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of either a file or a cliisel, provided it be kept clean and the lubri- 
cating appliances be always in good working order. 

In dusty or dirty situations, where the oil has a tendency to thicken, 
or in cases where the wear of the bearing or shaft is considerable, 
■deposits are apt to form in the oil-ways and prevent the proper flow 
of the lubricant. To prevent such deposits from collecting to a serious 
extent, pedestal caps, etc., should be occasionally removed and cleaned. 

When pad-lubrication is resorted to, it is necessary to remove the 
pads every few weeks and clean the surface which comes in contact 
with the moving surface, for the wool often becomes glazed by the 
metallic surface against which it rubs. The pad must, therefore, l>e 
scraped clean and well oiled each time it is removed, i.e., al>out once 
a week. Unless this bo done regularly and often, the bearing will 
not keep cool and wear well. 

Trimmings also require frequent examination and renewal. In 
warm places fatty oils gum and clog the pores, as does dirt in dusty 
places. Want of proper attention to trimmings is a fruitful source 
of heated bearings, for the volume of oil supplied by them varies 
with the number of strands or with the fit of the woollen plug in the 
oil-hole. Any change either in the fluidity of the oil or in the cleanli- 
ness of the pores also alters the rate of supply to the bearing. 

Where the lubricant is supplied by oil-cups fitted with small valves 
at the bottom in such a way that the rate of feel may be judged by 
the rate at which the oil falls from a small nozzle, the passages are 
apt to become suddenly clogged by mucus or dirt stirred up from 
the bottom of the reservoir. They should, therefore, be regularly 
examined and cleaned out. The oil should also be removed 
periodically from all reservoir bearings, filtered, and, if not too acid, 
used over again. 

Examination Book. — To insure the examinations being really made 
at the required intervals by those whose duty it is to attend to such 
matters, an examination book should be kept in which is clearly stated 
the nature of all periodical examinations, a column being provided for 
the engineman or fitter to sign after having made each inspection. 

The necessity for adopting this course is the greater the larger the 
station or mill, and the more numerous the machines of various kinds 
it contains. Such machines, motors, or lines of shafting must be 
consecutively numbered, so that they may l>e easily identified and 
the entries referring to repairs or examinations properly kept up. 

If such a book be not kept, the engineer in charge cannot expect 
each motor, etc., to be properly and regularly attended to, for some 
portions of the machinery will receive undue attention, whilst others 
will be neglected, and all sorts of difficulties will arise which a better 
organized system would prevent. 

Preservation of Machinery not in Regular Use. — It frequently 
happens that an engine plant for the supply of power is put down in 
duplicate, and parts may have to stand idle for weeks or even months. 
Whenever possible such engines, etc., should be worked alternately, so 
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that all the surfaces may be kept clean, smooth, and in good con- 
dition. When such motors as marine engines have to stand idle in 
dock, it is well to get up steam occasionally and run the engine for a 
few hours. Should this be impossible, the engine must be pinched 
round once each day to keep the cylinder faces in good order." Discs 
fitted with teeth are often keyed on to the shaft for this purpose. 

Grease for Protecting Polished Surfaces. — In cases where the engine 
or machine is to lie idle for any length of time a better plan is to take 
the jxirts to jrieces, clean ail the rubbing surfaces, and cover them 
with a protecting paint The same treatment should be accorded to 
accurately machined faces which are to be used for rubbing, and, 
indeed, all light work which is to be kept ready for use, as soon as it 
is finished. Unless this plan be adopted, the bearing surfaces will 
become pitted and rusted to such an extent that the machine will 
cost more to repair than it is worth. 

The most commonly used mixture for this purpose is one consist- 
ing of white lead and tallow. It forms a good cover when put on 
warm and does not corrode the metals, as the acid constituents of the 
tallow, if there be any, are converted into lead soaps. The white 
lead in this mixture plays the part of the lime or soda in the 
numerous axle or other greases. 

When the machinery is for export purposes, and may be exposed to 
rain or moist air, the surfaces must be covered with black enamel or 
japan, which effectually protects them from rust, even if they should 
bo immersed in water for many hours. A black japan made from oil- 
gas tar called 4 Siderosthen ' is very suitable for such purposes, as it 
forms an unbroken covering film, and does not become brittle with 
age. 

Overheating of Bearings. — We have already mentioned a number 
of causes which may lead to overheating, winch should have been 
provided against either whilst the machine was being erected or 
during the preliminary or trial runs. It sometimes happens, how- 
ever, that a bearing may run short of oil for a few minutes, or that 
grit may get between the surfaces and cause trouble. When this 
occurs to a marine engine bearing and the damage likely to be done 
to the engine is less serious than that which would result from the 
stoppage of the vessel, it is the custom to turn a stream of water, if 
possible soapy water, upon the heated parts and keep going. In 
many cases plumbago thrown over the heated surface, or run on to it 
mixed with oil, will prevent serious injury. Much the same may be 
said of a locomotive bearing as regards the advisability of stopping, 
but here nothing must be done which will endanger the safety of the 
train. Electric light engines, where they are in duplicate, and most 
other motors, machine tools, etc., can l)e stopped for examination 
at once. Unless this be done promptly, the injury sustained may 
necessitate a new step or journal. 

In all cases of sudden heating it is wise to at once use a good fatty 
oil, as they do not, to the same extent as mineral lubricants, lose their 
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viscosity with rise of temperature, and are more oily. A can of rape 
or olive oil may be kept bandy for such emergent 

To run without attention a bearing which becomes heated day 
after day is a great mistake, as there must he something radically 
wrong to cause such heating The shaft or journal may be oval, one 
or other of the surfaced damaged, grooved, or Sawed, the oil-ways 
blocked up, the footstep distorted bj overheating, the lubricate 
dug improperly, the shaft sprung out of line, etc. It might not 
appear at first sight that a mere crack in the crown of a brass, 
daily as it scarcely affects the area of contact* would cause 
trouble. But it must be remembered that such a crack allows 
>il to escape, and largely reduces the carrying power of the 
"I'm* 

The real condition of a bearing wliich habitually heats can only be 
ascertained by taking the parts to pieces, and when this has been done 
there is no excuse for not making every defect g 

Hearings Which fit too closely are very apt to rim hot J OD tie* other 

hand, those which are too loose make noise, and the repeated 

blows not only tend to produce and develop flaws in the moving 
parte, hut also to damage the surfaces. What should he aimed at is 
a free bearing in which there is room for the oil -film to form. 

Friction and serious heating may he produced by using a lubricant 
either too low or too high in viscosity. When the viscosity is too 
low, the oil pressure -filni, which keeps the bearings of rapidly moving 
machinery from touching, does not form properly, and solid friction 
results. On the other hand, when the viscosity is too great, 
frictional resistance of the film is so large that, tb 
warm or even hot. That it is best to use an oil having as small u 
viscosity as possible has been demonstrated over and over again, 
especially when, as in the case of textile or printing machinery and 
dynamos, the beatings run at high Bpeedfl and the loads per aqi 
inch are small. The heat liberated, and therefore the friction 
OOUntered, In proportional to the internal friction of the lubricant, and 
when it is remembered that at high speeds there is a continuous film of 
oil separating the surfaces, and that the friction in journals and spindles 
is proportional to the viscosity, it is clear that heating is as likely to he 
due to the want of fluidity of the lubricant as to actual metallic contact 
action. The best results are consequently obtained by using lubricant- 
of the lowest permissible viscosity. Yet, frequently, the engineer in 
charge assumes that the heating results from ong of the surfaces 

-t each other, and is surprised to find that when he uses a thicker 
oil his bearings become still hotter. 

Ma Ijearings, the steps of which are separated into several 

ery apt to run warm. This arises from the fact that to 

obtain good lubrication each of the brasses should be able to HBWTIfi 

the relative positions, with regard to the journal, shewn in fig, 92, p. 364. 

When there is only or step, the shaft Ot journal can plat** 

itself in th m necessary to give it carrying power, but, on the 

2d 






when there are tiro or three separate brasses, they must 
te aovi into such positions that there shall be a wider* 
i' than on the *otf* side. The degree of freedom re- 
way to secure it will depend in each 




( that « locomotive axle-box bearing, fed with 
l groove in the top of the bras?, will nm hot, and 
\ ta A> s% alahawajh every care has been taken to secure well-fit- 
tiag aw*. Xow it baa been repeatedly shewn, especially with mineral 
*a\ \ am Bark^Cy, with fatty oth, that when the oil is supplied 
m% j- way is it unable to properly wet the journal, being scraped off 
Iff 1 - i It mil filing, uliji in o£ the groove* Indeed, the better the fit of 
the -*se ana jowrnal, the more the oil is confined and prevented from 
fjBU ■ to the amufaa place, rit, the * on* aide of the brass. As a rule, 
Ira .i paavof the bras 




play of the bras enables it to mount on the curves at the 

I ef the jonmal, and in this manner the oil is liberated and runs 

the journal A couple of small grooves from the oil-way to tie 

rat ma crass wm mini me same purpose ana prevent ovemeat- 

I ha not too great, 

itojfeai long before the oil reservoi r is empty, 
~l the hibricant can be drawn 
by a triMing depends upon the fineness of the 
I of which it is made Thus cotton wick will raise As liquid 
t higher than worsted wiD. The latter material only lifts iubri- 
<*k about \\ inches. Lubricator reservoirs are often made 
l deeper than this, and if not regularly cleaned out, they gradually 
Vcceaae partly filled with a sticky, dirty mass. The better plan is to 
snake theam shallow and to clean them out often. 

A hearing which habitually runs warm cannot be considered as 
working properly, even if it never actually heats so badly as to necessi- 
tate a ssopcwpe* for the coefficient of friction must be high and the 
waste of power considerable. Such a bearing has either got too much 
wwadks ug*aa it* is not in line with other bearings on the same shaft, or 
its ssxfaces are grooved and the oil-film cannot form. When this is 
the case* the shaft or journal, and also the brass, must be filed or 
machined to true faces. It occasionally happens that on taking the 
pedestal cap or brass from a bearing which has begun to get hot, the 
shaft or jccrnal wiD be found to be badly flawed. 

En%BJent J of Lubricants. — By means of the physical tests above 
esssa&erated and described in detail, the viscosity, gumming properties, 
aca££ty % sash-point* etc*, of various lubricants can be ascertained in the 
laHwatory. If it were not for the fact that there is as yet some un- 
certainty retarding the methods of measuring the comparative oiliness 
of htbricants of different viscosities, there would be little difficulty in 
&**&&£ which, of a number of lubricants, was the best to use for any 
pattirciar porpose, Although mechanical testing machines, if properly 
w$*d» jive as some considerable information on this head, it is only by 
a knowledge of the extent to which each lubricant keeps the various 
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bearings cool, and reduces friction and wear, that the engineer can 
judge properly whether he is obtaining the best possible result 

An accurate estimate of the comparative value of different lubri- 
cants can only be made by carefully ascertaining the frictions! losses 
each lubricant entails and comparing these losses with the total woTk 
done by the prime movers. Knowing the cost of the fuel, etc., used, 
the engineer can then calculate how much he is expending in unpro- 
ductive work with varying conditions of lubrication. By occasionally 
weighing his pedestal brasses, valves, etc., be can also measure the rate 
of wear going on in his machinery, A knowledge of such points will 
mable him at once to see whether he is losing or gaining by the adop- 
tion of any particular lubricant or lubricants, and also to note the effect 
produced by changes of temperature. Such knowledge is easily gained 

■;■: :_ indicators on steam or other motors when all or certain \- 
of the machinery are running light, also when each machine has its 
full load, and again under normal conditions. In all cases when the 
power used is an important item, these observations should be m 
periodically, the results entered up for future reference, and a bal 
sheet drawn up so as to enable the cost of power, and also of lost work, 
etc.. to be compared with the expense incurred on lubricants. 

Steam Cylinder and Valve Lubrication— Irngx >-/ / Nature of. — 
Although it is possible bo so lubricate the cylinders and valves of 
a steam engine that there shall be no B Xposam wrnr, it is impossible 
■tain anything like the results, as far as friction is concerned, 
given by a well-lubricated journal. The pistons and valves move to 
and fro in straight lines, and do not tend to automat [rally place 
themselves in such positions as to trap the oil properly and keep the 
surfaces from touching. Neither can the large extent of surface 
exposed be kept flooded with oil, the passage of live steam through 
the valve-chest and cylinders not admitting the presence of large 
quantities of oil. We have therefore to be content with the pre* 
of a lubricating film of no great thickness, and either make the loads 
on the bearing surfaces small or cause them to move somewhat slowly. 

For a proper understanding of the conditions under which the 
efficient lubrication of steam- valves and cylinders takes place, it is 
sary to consider at some length the physical p r op e rt ies both of 
lubricant and of the steam, 

Ecaporaiitm of OIL — Even at ordinary temperatures water, when in 
a dry atmosphere, evaporates, the vapour mixing with the air and 
making it moist. Such evaporation goes on until the sir is saturated 
with moisture. Somewhat similar conditions occur at the free surface 
of a mineral oil Such oils slowly evaporate until their vapours 
saturate the air or steam in contact with theim With ordinary 
bearings at ordinary temperatures there is very little loss by evapora- 
tion, when oil of good quality is used, but at ttu higll temperatures 
of steam cylinders serious loss may occur, for not only is the tendency 
to evaporate increased, but the oil vapour is rapidly carried off with the 
,t Volume of steam passing through the exhaust. On this account 
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Fi~ .il?. Lr^ev^r. wLe*i mixed with mineral oils, in quantities not 
ex.^iiz.: 5 :•:■ 20 i-er ren:.. do not seem to produce these objectionable 
rv^-il:* =*. rviiily : i*ivIee»L :he lubrication of parts which have to cany 
~zz~ l^ivr '.;&is :s ^reatiy improved by the addition of such oils. 

^"iri surfiL* condensers are used, and the condensed water is 
ariir. r^ajjoi in:..- the boilers, great care must be exercised to prevent 
:Le iojc^tt of ;he oil used for the lubrication of the cylinders into 
iLrLi. Tallow, sue:, castor oil, and other animal and vegetable 
lurricanrs nus: n*.-: be used in such cases, even in small quantities, 
for :he acids liberated by the action of heat and water vapour pass 
in:o :h? t-.-ilers and cause serious corrosion. These acids cannot be 
separated from the water by merely allowing it to rest for a time in 
a rank : they remain to a large extent suspended in the water, giving 
it a translucent appearance. Mineral oil also remains in condensed 
water in a very fine state of division, and even though a considerable 
quantity may rise to the surface and be removed, sufficient remains 
in suspension to produce very serious effects upon the flues. Indeed, 
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nesence may so check the passage of heat through the plates 

as to cause them to oollapee. When the water is pnrnnnd through a 

filter before entering the l>oiIer, and thereby made bright and 

clear, no corrosive action appears to take place, the grease, etc,, being 

for all practical purposes eliminated. 

The deleterious effects produced hy the act ion of a lubricant on 
marine boilers, when surface condensers have |o be used, have led to 
marine engines being run without any lubrication whatever of theil 
steam-chests or cylinders. This can often be done without any 

as wear taking plaee, to the load on the robbing surf 
of many well-designed engines is very small, hut with new en- 
slow speeds must he adapted to begin with, and the surfaces allowed 
to 'burnish 1 end acquire hard .-.kin*. 

Application of Cylinder and Valve Lubricants, —Even when the 
lubricant used for cylinders is a good one, it is sometimes found that 
the parte are improperly lubricated. This may arise from several 

■ lea, most of which, however, can be traced to superficial tension 
phenomena. 

It has already been explained that water will not touch the oiled 
surface of a solid, although the comparative superficial tensions of 
met il, oil, and water are such that the latter has a greater affinity for tin* 
metal than oil has. But oil cannot he readily moved from a metallic 
surface by water, for the oil is nearly insoluble, and ew retj 

slowly. On the other hand, water may be readily replaced by oil, 01 
to the facility with which the water evaporates and leaves a compara- 
tively cl^in surface fur the uil to coven The superior affinity of a 
metallic surface, for water rather than oil is also shewn by the rapidity 
with which water will tin' nil from a hearing where there is 

abrasion going on, and will cause it to rim hot. The presence of water 
in a steam-cylinder or steain-ehest is consequently deleterious. The 
friction of the faces rubs oft" the oil, and if water be present in bulk, 
vers the surfaces, ami if the loads be heavy, they grind and tear 
absence of a lubricant. 

Tha condensation which takes place in a long steam-pipe will often 
send so much water into the engine cylinders that lubrication becomes 
impossible. To prevent this, separators are fitted so as to dry the steam 
before it is used. A vertical exhaust pipe not fitted with a drain pipe 
to carry away the water will also cause wear and tear at the valve* 
the water condensed in the cylinders cannot get ly. 1 u'rheulty 

is often experienced when valves are placed on the top of the cylinders, 
for the water in the cylinders and steam-chest cannot escape, but 
on the cylinder bottom and the valve faces. 

The J> valves of non-com pound high pressure engines, especially 
when not balanced, press very heavily upon their faces, bat the stroke 
being small, and the speed of nibbing low, the heating effect is not 
large. The pressure upon them, however, is BO gnat* thai where at 
their ends there is any considerable length of valve bichj 

owing to the short stroke, is not exposed to the steam, the surfaces I 










' Tttpreg e. 

iof C»*tm»j Tool*. — Tbe cutting edge of a tool, i 
tbas used Sir a bribe, drill, dkrtting, or other ™**»Ki-* is, owing to its 
baldness, ecai&d to imbed itself in the softer metal When tbe 
metal k feeing worked, especially if is be a tongb erne, beat it 
developed, aoc only owing to the friction against tbe tool, but abo 
owiag to tbe disfiortam snjfcsred by tbe strip cat oC A large propor- 
tion gf ibe beat derosaped dutzfbotes itself in tbe mass of metal, wink 
some of is spreads to tbe tool, raising ita temperature and occasionally 
scsaoi2*£y iajsring is temper. To preient tbia, a str e am of liquid is 
directed agamss tbe tooL Water k generally used, but owing to tbe 
rapa&sy wstb wbieb plain water rasa dean iron serf a ges, it baa to be 
mixed wisb soap cf same kind, wbieb abo acta aa a hihricani. 

As The casting point mere is actnal metaffie eontnet* ami tbe frietion 
k miixJr tbas of an mdnbrieated swzface, L&, tbe fiirtam decreases 
wiib increasing speeds of easting. Tbe increase of speed eommqaently 
decreases site load <m a drill, ahmmgb tbe beat pro d u ce d may be aome- 
wiiAi greater. On this accomtt it is well, ammld a drill break, to fint 
try abater ratber tbana lower s p eed , naiem tbe beating effect pro- 
dnced be already too bigb to admit of sack a cbange. 

In many shops tbe speeds of macbinea are lower tban tbey need be, 
lor it is sometimes assamed tbnt breakages can only be prevented by 
ronning as low speeds. Mineral oils, being defic i ent in osKneaa , are not 
anisahk far bagb-specd took wbieb reqnire good Mail at i rai Fatty oils, 
m& as b^ ca% or a taixtare cf soft asm slid ssm\ fiism 14 to 16Iba 
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of each to 100 gallons of water, are greatly superior. The water, 
having a high specific heat, keeps the tools cool, whilst the soap and 
soda improve its lubricating qualities as well as prevent the surfaces 
from rusting (see p. 125). 

The exact effects produced by a lubricant upon the working of a 
cutting tool, at least so far as driving power is concerned, are nut 
clearly understood. That the lubricant penetrates to 
the neighbourhood of the cutting edge is shewn by the 
increased smoothness of the finished surface, and by 
the greater force required to keep the tool against the 
work. The lubricant finds its way almost, if not 
quite, to the cutting edge through the gap at A (fig. Fig, 128. 
123). The edge of the tool, being lubricated best on 
the side A nearest the work, is unable to dig in and tear the metal, 
which is therefore finished smooth and partially burnished. All bear- 
ings should be fintohed with a very sharp and well lubricated tool, no 
emery being used if the metal be at all soft. 

Frictional Losses. — Magnitude of Losses. — The losses which arise 
from tin* friction of the mechanism, aj compared with the total energy 
actually expended in useful work, are in many cases unduly large. As 
an azl Be, a dock or watch maybe instanced. Her<\ practically, 

the whole of the power is expended in overcoming the friction <>f the 
Varings, and the efficiency is zero. Should the friction of the pinions 
increase or diminish from any cause, then that of the speed-regulating 
appliance likewise diminishes or increases, the total friction remain- 
ing constant. 

In a cotton mill, woollen factory, or printing works, the frictional 
are veiy large compared with the power actually developed. 
Han we have to deal with losses in the motor, the transmission 
machinery, and also in the actual machine tool, the power expended in 
placing the threads in position, or propelling the paper, ink roller*, etc., 
being small. In electric light and hydraulic slat! mis the efficiency of 
the installation is greater, i**r the total power delivered in the form oj 
in me nf water raised, v& large in comparison with that 
developed by the motors. 

Ordinary atmospheric changes of temperature have at times bean 
known to alter the friction of the machinery of a large mill as much 
as 15 or 20 per cent. In other instances a reduction of 50 per cent, 
in the total resistance, and, therefore, of the fuel, etc., used, has I 
effected by using a more suitable oil. When it is remembered that 
Hill means that the frictional loss sometimes amounts to considerably 
more than half the power developed by the motor, the importance of 
using a suitable lubricant will be fully appreciated. 

As the viscosity decreases, s >.<metimes rapidly, with rise of tempera- 
ture, a lubricant which may be suitable for one season OS country 
may not suit mother. The effects brought about in this way nirt 
seen by comparing the coal burned from week to week during thti 
year with the changes the mean temperature has undergone during the 




434 LTBKICAT105 AM) LUBRICANTS. 

^ttlI*. Li railway work this is particularly noticeable, the 
:o:cl- pKrtly on this account, being much greater during 
▼zl>s z^iciif T v *t~. iii the summer. 

Etc iAkt k — •"'. *j» *s«>od for a day, the bearings will have cooled 
o:nrz. «*: 2n:i »>-*» M>iisderahly more power will be required to work 
3 li^LU lii* rzs* few Lours than during the rest of the run, providing 
ziti vai:«irz* :-f tie air does not fall much in the interval This 
n_a*c :e >:c^r iz. n±>i when, for the purpose of ascertaining the effi- 
Miirj f kit Tixrrli-ilir lubricant, the indicated horse-power required 
v. ±rr-~ i -^ '"' i* st&Fured. 

7w 2T€rwT,' cf Jfr*A*&ii™. — In a machine shop or factory where 
>:*w€? i* -zsKti f:? '.Tirrring on any process, we generally have a 
jrvrM nxixr wiiti r*irlers available the energy derived from some 
liKnzxl ?.cr». mi t^ft'vmittnon machinery for conveying the power 
*. .'TCiJZrtii »: kit >>in; for the actuation of special machinery or 
rua-Kztr: r.w. TL-r Tr-*>-- >.aTii fal efficiency of the motor or of any link 
zz. lb* -t-vV^«t- ir.T.lT^l in the transmission of power is obtained 
•t rrr-jizz^: iL-r useful w.>rk performed by the gross energy expended. 
T 5 !^ ± ibr :-A3* :f i steam engine, if the indicated horse-power be 
IX. k^£ ibr Tr-rk smally delivered on the belt be 85, the efficiency 

Ii ft.c«T risr* il-e I.<asies arising from the friction of shafting, etc., 
Ln s. crr-L; zLkZ :: i? more economical to transmit the power elec- 
Tr»:"j3" rr n iLt ttuuit sover to the machine, which is then fitted 

I'-. — .M." ."-n>-.w;i •;/ P&rer. — Tlie use of electrical methods 
: ■? "_Lt irii_:*u_:>-: ~ : rUrr^ry is now engaging the serious attention 
: - -•• *• ■ — •■•■' :^r.:.-.-r?\ : *r :; enal-les the frictional losses of bearings 
• ">. t ■ - l-r«r txm:. jT;-;.lrL The resistance of the electrical con- 
: . . • ^ !:-:■::. il> results in considerable loss of energy, and their 
. :.: : 1 .- :*: >.:.j .uV I-rjr. elecirical methods of transmission are not 

i_- ^ il- r_ ->t v.-: :.:-.::-! : rut where power has to be transmitted to 

■ : _!_•:: : >. .::■::- 1 > ur.ts, it is often >>est to have a well-designed 
.-.rml .::=.: r:.r_r-r -:..:: :u. ;^d to transmit the energy electrically to 

IJ. :' >: " - T* f ."."!«> T VJC.1S- 

Tr."':' *-.* -1 -" , -:\:r :.**;. — Before one can establish the fact that a 
:■ it::; «*_■_: :u :< ui:>. ••:■■ u.mieal in use than another, a balance sheet 
u,..>: ":•: ir:~u u: sr^-wir..: the total expenses chargeable to each of 

I v !* . «>: . t :v ~ -. r .1 ? '■•"., ;«ed. 

- v >: -fir. :•. :t: u f tower lost in friction. 

, : . y.xynuv?** tvsultu:.: from wear and tear. 

+ C st ;t luIruAr.ts, 

Vh'^.v. th: lulruwuts are very unsuitable, the bearings improperly 
*■,*. ^ -.-.♦-:. , r t\: rf :> :.:r*:I<.ss management, other losses may be incurred 
* . .-»:!*. :ut t..II under either of the above heads. They include 
*: ri;:. s. ai:sv ::iv.:*\i Sarings, rapid wear, etc. It is such signs that 
. ;uc r.rs; .iirwt .*.ttci:t:v-n to the fact that the lubricants in use are 
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unsuitable, Even when such accidents are comparatively rare, the 
loss by friction may l^c much greater than it ought to be, and the 
fact that comparatively little difficulty is experienced in keeping the 
bearings from actually getting Jn«t should not be regarded as shewing 
that good results are being Obtained as regards economy of power. 

Indicating of Motors. — When once the necessary gear lias lurn fitted 
for indicating an engine, the difficulty of ascertaining the horse-power 
at any given moment is very small Apart from the question of 
friction, a large motor should have indicator diagrams baketl periodi- 
ca 1 1 y f o r t he p 1 1 r p ■> s > rt aining whether the valves are properly set 
and the distribution of steam satisfactory. For the best method of 
dure, a wi trie on the indicator should be consulted. We may here 
point out, however, that fluctuations in speed and nowei iuced 
by the action of the governors, etc., from minute to minute, and that 
can only be obtained by making a series of observa- 
tions extending over a reasonable interval of tines the mean of the 
results obtained from each set of indicator raids being made use of. 

Estimation of Cost <f Frid tonal Losses, — As in many cases almost 
the whole of the J<> - ;uv due to the friction of lubricated bearings, 
the losses due to each portion of the mechanism should, as far as 
p pmitlfr, be ascertained separately. This may be done by obtaining 
the Indicated horse power under the following conditions: — 

(a) Motor running light. 

!b) With the transmit hinery in motion, 

c) With all the machines, or certain types of machines, running 

(rl) With all the machines, or certain types of machines, having 
their full working load OSL 

As the viscosity of lubricants varies with the temperature, the tests 
to ascertain the comparative lubricating value of two oils, etc., should 
be made under similar atmospheric conditions, and it is of equal, if not 
of greater, importance to give the bearings time to assume a steady tem- 
perature by indicating the motor at the end of a few hours' run. 

To obtain the actual COit per hour per horse-power developed in 
ordinary running, the calculation should include the following items: — 
1, lntc: t of land, plant, and buildings. 

Depreciation (maintenance and renewal). 
Taxes, insurant ■, etc, 

and salaries. 
Cost of fuel, oil, waste, etc. 
Here we have a number of charges which increase or decrease the 
cost of power according as the mean output decreases or increases. 
It may be argued that the saving effected by improving the lubrication, 
it does not decrease some of these items, should be 
calculated upon the saving hi item 5 only. However, when the saving 
in power is Large, it may affect depreciation and wage* as well. This 
is a point tic consideration of which must be 3 • judgment of 

the en 



2. 
3. 
4. 
5. 
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It has been shewn that the friction of a steam-engine or gas- 
engine is unaffected by the load put upon it Thus if, when running 
light, the indicated horse-power is 7, then when the brake horse- 
power is 50, the indicated horse-power will be 57. From this it iB 
clear that the frictional resistance, measured when there is no load on 
the engine, gives the frictional resistance under all conditions. The 
same will apply to line shafting and to many machines and machine 
tools. We may therefore estimate very closely the friction-reducing 
properties of any particular lubricant by running the machinery oiled 
with it light, rather than fully loaded ; care must, however, be taken 
always to have the same number of machines at work when making 
a teat. 

When the horse-power developed by the motor is large, and the 
machines numerous, the effect of changing an oil can only be 
ascertained by using it on a large number of bearings or machines, so 
as to make the loss or gain of power considerable in proportion to, the 
total effect. 

By multiplying the gain or loss of power by the cost per horse- 
power, and then by the hours worked per diem, the daily saving or 
loss is obtained, and by comparing this with the oil account the 
real commercial value of the lubricant is ascertained. This point has 
been dealt with at some length by R. H. Thurston.* 

Since the increase in friction of a bearing results in a rise of the 
temperature of the pedestal, a rough idea of the comparative value of 
two lubricants may be obtained by measuring their temperature 
effects. This is most satisfactorily effected by surrounding two 
bearings on a shaft by roomy boxes, to protect them from draughts, 
and placing thermometers in contact with the pedestal caps. The 
same oil should first be tried on both bearings, and the rise of tempera- 
ture of each noted, for with the same oil different bearings will alinost 
always be found to give somewhat different heating results. When 
the difference of temperature which results from the accidental differ- 
ence of load or condition of each bearing has been ascertained, the oil 
used for one of them may be changed and a comparative test again 
made. This should be done several times, for the result depends in 
some measure upon the rate of feed. 

It is, however, much more satisfactory to make such oil-tests in 
proper oil-testing machines, for the load, speed, and rate of and method 
of feed, can then be properly controlled. 

Estimation of Losses due to Wear. — These can only be obtained 
in a direct way by comparing the expense incurred in repairs, 
renewals, and breakdowns, which have occurred during fairly long 
intervals of time. However, it is sometimes necessary to obtain 
the effects produced during short intervals by different lubricants, 
in which case the best plan is to weigh certain brasses or other 
rubbing parts, such as piston rings, at stated intervals on an accurate 

* Oil and CoiourmaifCa Jownuil, VX ^fctaStaa \^&^ % Frtafou. and Lost JVori 
{Third Edition), p. *tt. 
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balance. In this way any rapid increase or decrease in the rate of 
wear can be noted, and this, taken in connection with the pecuniary 
gain or loss resulting from a variation in the total frictional losses, 
will enable the engineer to form a fairly accurate estimate of the 
value, from a practical point of view, of any particular lubricant. 

In all cases where frictional losses form a large proportion of the 
power developed, it will be found that the cost of the lubricant, 
being only about 3 per cent, of the cost of fuel, is a comparatively 
insignificant item compared with that of the power saved or lost. 
Indeed, it will frequently pay to use the best lubricant irrespective 
of its price. The highest-priced lubricant offered, however, is often 
by no means the best, for very poor mixtures are sometimes placed 
upon the market as first-class lubricants and sold at high prices. 

Oil-cans, Feeders, etc. — Vessels for holding a supply of oil and 
enabling it to be supplied to the bearings with ease and certainty are 
made of various patterns. In some cases it is only necessary to supply 
a few drops once every few hours. For this purpose small conical 
or lenticular cans, having a long spout screwed on, are convenient. 
Either the bottom or sides are made elastic, and a little pressure 
exerted compresses them and expels a small quantity of oiL In the 
larger forms the oil is liberated by opening a small valve actuated by 
a button, or the piston of a small cylinder is pressed in and any 
desired amount of oil delivered. 

It sometimes happens that the reservoirs of oil-bath bearings have 
to be emptied and filled again periodically. For this purpose a form 
of syringe is used which enables a definite quantity to be withdrawn 
from the bottom of the reservoir and fresh oil substituted. 
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cautions to prevent oxidation, 289. 
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238, 240. 
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239, 240. 
of oxidized oils, 239. 
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meaning of, 236. 
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and method, 231-233. 
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201-209. 
amount permissible in lubri- 
cants, 208, 209, 300. 

determination of, 206-208. 
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206, 395. 
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362. 
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Agate for bearings, 354. 
Aisinmann; determination ol fosfa\\i%- 

point, 181. 
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identification of, 221, 224, 233, 234. 
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from wool fat, 221, 224, 233, 
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iodine values of, 246. 
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Alen ; arachidic acid in rape oil, 105. 

Alkali value, meaning of, 214. 

Allen ; free acid in oils, effect of, 206. 

lard oil, properties of, 312. 

Milliau test for cottonseed oil, 279. 

Reichert values of oils, 231, 282. 

' saponification equivalent' of oik 

214. 

sperm oil, flashing-point of, 815. 

tallow ; water, blood, and insoluble 

matter in, 310. 

tallow oil, specific gravity of, 311. 

Almond oil, comparative oxidizability of, 
256. 

Aluminium for bearings, 353. 

Amagat and Jean ; differential refraeto* 
meter, 198. 

Amalgamation produced by pressure, 3. 

American mineral oils (see Mineral lubri- 
cating oils). 

Amontons ; friction research, 6. 

Analysis of greases, 317. 
\ qC mixed lubricating oils, 214, 317. 
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iodine value of, 811. 
daumene thermal value of, 252. 
aponification value of, 811. 
atting-point of, 811. 
ipecific gravity of, 811. 
see also Tallow oil). 
i, distinction of from vegetable 
222. ^ 

see Fixed oils). 

rthnut) oil, acetyl value of, 287. 
etection and estimation of, in 
J oil, 273. 

xline valne of, 244, 245. 
xline valne of mixed fatty 
J from, 245. 

taumene thermal value of, 252. 
letting- and solidifying- point 
ixed fatty acids from, 197. 
cidation, increase of weight 
>57, 259. 

udizability of, 256. 
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eichert-Meissl value of, 282. 
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205. 
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test for cottonseed oil, 279. 
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se mineral acid in, 801. 
ponification value of, 304. 
sting for cottonseed oil in, 304. 
t-Meiasl values of oils, 231. 
point, determination of, 188. 
ickened oils, analysis of, 121. 
iodine value of, 310. 
ty of oils, 184. 
leter, 184. 

iricant for bearings, 854. 
i for heavy loads, 409. 
nation of, 292. 

ion found in mineral lubri- 
5 oils, 292. 



Ashcroft, oil-testing machine (drum), 880. 
Asphalt, detection and estimation of, in 

mineral oils, 288-290. 
' Astatki,' characteristics of, 93. 
difference from American 'residuum,' 

93. 

fractional distillates from, (table), 96. 

manufacture of lubricating oils from, 

93, 95. 
Axle-box bearings, 878. 

for grease, 375. 

for oil, 378-875. 

heating of locomotive, 418. 

locomotive, 874. 

railway vehicle, 874. 



Babbit's metal for bearings, 851. 

Bach ; method of determining melting' 

point, 195. 

oxygen -absorption test, 260. 

Badouin ; colour reaction for sesame" oil, 

280. 
'Bagasses 'oil, 106, 108. 
Bailey's oil-testing machine {pendulum), 

340. 
Ball-bearings, design of, 883. 
Ballantvne ; acid, free, in oils, 203, 204. 
acidity of oils, effect of storage on, 

204. 

rancidity of oils, 204. 

(see Thomson). 

Bayne8 (see Fox). 

'Bayonne' engine oil, viscosity of, 159, 

161. 
Beal; estimation of volatile fatty acids, 

229. 
Beam (see LejjFmann). 
Bearings, ad instable brasses for, 873. 

alloys for (table xciv.), 849. 

aluminium, 858. 

axle-box, 373. 

ball, 388. 

friction of, 88. 

factional laws of, 84. 

purposes used for, 88. 

bronze, 847-349. 

burnished, 844. 

bush, 869. 

carrying power of, dependent upon 

viscosity of lubricant, 363. 

case-hardened, 844. 

cast-iron, 347. 

chilled cast-iron, 844. 

collar, lubrication of, 880. 

conditions determining area of and 

load on, 865. 

determining form of, 866. 

corrosion of, by free fatty acids, 

204-206. 



nga, cylindrical, effects of load on 

wear of, 81.. 

forma of, S69-S7&. 

design and lubrication of, 341-392. 
-estimation of surface hardness of, 

MS. 
- exposed, hard materials required for, 

MS, 
fit of, 366. 
flexibility of, 308. 
forma of, 841, 
grinding of hard, 344. 
gun -metal, 347. 

— heating, cause of, 14* 

- Ugh speed, 373, 
-jewelled, for watches, 370, 

- loads admissible on, 304, 367. 

■ on locomotive, 374, 

loose fit of, necessary, 857. 
mate-rials for, 342, 
™*tals for low speed, 56. 
itale, selection of, for, 5. 
ture of opposing surfaces of, 341. 
.n- metallic materials for, 354. 
- er heating of , 410. 
adestal, 370. 
■— with side pads, 371, 
it, 381. 

ie surface, 879-382, 
— pjoitions for oil way* of, 35B-S61. 
protecting greases and japans for, 41 fl. 

■ protection of, from duM, 342, 
pump circulation for, 373. 

— railway vehicle, treatment of heated, 

413. 
i. regular examination of, 414. 

■ reservoir, with disc oi Mi Iters, 872. 
with oil-lifting chains, 371. 

■ — - with oil strainers, 373. 
— — — with ring oil -lifters, 372, 
roller, 384, 

— — — — * purposes usfd for, 85. 

rolling contact, 3S2-384. 

— - spindle, Parsons', 375. 

steel, hard, 343. 

subject to alternating pressures, 81. 

variable load, 377. 

— - watch and clock, 300. 
wear of we 11 -lubricated, 368. 

— white-metal, action of acids on, 350. 
white-metals for, 349-353. 

— wood a for, 353. 

— - workmanship, importance of good, 

36U 
Beochi ; test for cottonseed oil, 278, 
Beechnut oil, iodine value of, 245. 
— — i — - iodine value of mixed fatty 

acids from, 245. 

■ — — melting- and solidifying*poiot 

of mixed fatty acids from, 245. 



Beechnut oil, oxidation, increase of weight 
by, 257. 

refractive index of, 198. 

refraetometer value of, 199. 

saponification value of, 213. 

setriog-point f t \^ 

specific gravity of, 176. 

Beech wood tor bearing!*, 353. 
Beeswax, hydrocarbons in, 233. 

estimation of hydrocarbon! i*, 2IS. 

iodioe value of, 245. 

melting' point of, 196. 

saponification value of, 213, 

specific gravity of, 176* 

sp. gr, of ttnsapoui liable matter ftrna, 

177. 
unaapom Gable matter from, cair- 

acteriatics of, 221, 224, 233, 2R 

determination of, 218* 

percentage of, 223. 

Bender ; asphalt in mineral lubricating oil, 

988, 
Benedifct i 'acid value * of eila P 206. 
(and Ulrar), acetyl values of ail* 

(fri*&), 237, 
determination of acetyl «]«» 

236. 
Bensemann ; method of determining n^3t- 

ing-pointa of fats, 195, 
Ben z aline, from petroleum naphtha, 90. 
Berthelot; cohesion of water molecttisa, 33. 
Be van ; Beech i T s reaction given by on* 

dixed lard, 279. 
• melting- point of fat reduced by chill' 

ing, 192. 
Bishop ; method of determining oxidinng 

proji*rty of oils, 258, 
Bitumen destructively distilled yield* oil, 

89. 
Block (see Emits and Black)* 
Black fish oil (see Dolphin oil). 
Black Sea rape oil (see Ra vimn oily 
Blending of lubricants, 399. 
Bloeda ; factitious viscositv of mineral oils 

121. 
Bloom (see Fltwracemv). 
Bloomless oil, manufacture of, 03* 
Blown oils, acetyl values of, 237, 240* 

as lubricants, 118, 119. 

' ■ characteristics o£ 117*. 

^— ■ — — chemical changes caused bj 

blowing, 117, 118, 
detection and identification af t 

315, 316. 
distinction between cottonseed 

and rape, 316, 

estimation of, in mixed oils, 2*25. 

— Hehuer values of, 228. 

> iodine values of, 248. 

manufacture of, 117. 
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Blown oils, miscibility o£ with mineral 


Cameline oil, setting-point of, 191. 


lubricating oils, 117, 


specific gravity of, 176. 


Reicbert-Meissl values of, 232. 


Cane wood for bearings, 353. 


— relation between sp. gr. , iodine 

value and saponification value of, 


Caoutchouc in mineral oils, 290. 


Capillarity, 42-44. 


310. 


Capillary force, (see Superficial Tension)* 


• saponification values of, 213. 

— sola bili ty of, in alcohol and 


31-46, 


tube, energy of flow in, 27. 


petroleum spirit, 117. 


flow through, 22. 


specific gravity of p 176, 


inlet end resistance of, 28. 


— - specific gravity of mixed fatty 


rise of liquids in, 45. 


acids from, 177. 


Carboid for bearings, 354. 

Car mm ha wax, iodine value of, 245. 


Bochin ; railway train friction, 9. 
Boiler fittings, lubricants for, 409. 
Boilers, exclusion of lubricants from, 410, 


melting-point of, 196. 

saponification value of, 213. 


420. 


specific gravity of, 176. 


Boiling-point of mineral lubricating oils, 


specific gravity of mixed alcohols 


97. 


from, 177. 


Bone-fat, ash in, 292, 311. 


unsapon ili able matter from, 


free fatty acid in, 311. 


characteristicaof, 221, 224, 233,234. 


iodine value of, 'J 4 5. 


unsapon if iable matter from, per- 


iodine value of mixed fatty acids 


centage of, 223. 


from, 245. 


Carpenter (lint) ; railway wagon grease, 


lime in, 292. 


123. 


melting-point of, 196. 


Cort*grease from Galiciau petroleum, 86. 


melting* and solid ifying-point of 


Castor oil, acetyl value of, 237-240, 308, 


mixed fatty acids from, 197* 


acid, free in, 203. 


saponification value of, 213. 


characteristics of, general, 109. 


specific gravity of, 176. 


— - — cold, effect of, on, 109. 


Bone oil, absorption of oxygen by, 261. 


composition of, 109. 


as lubricant for clocks and 


constant* of gen nine, 302, 


watches, 311. 


— ^— expression of, from the seed, 


comparative oxidizability of, 256. 

Bottlenose oil (see S}>erm oil). 


methods of, 109, 


- — = Hehner value of, 309, 


Box- wood for bearings, 353. 


— iodine value of, 245. 


Boys (Vernon ) ; properties of soap -films, 32. 


iodine value of mixed fatty acids 


Brazil-nut oil, iodine value of, 245. 


from. 245. 


«^— iodine value of mixed fatty 


— — lubricant for low speeds, 405. 


acid a from, 245. 


lubricant for railways in India, 


■ * saponification value of, 213. 


101. 


specific gravity of, 170. 


Maumene value of, 252, 309. 


Bromine thermal test, 247-250. 


melting- and solidify Ing-pointa 

of mixed tatty acids from, 197, 


— — value, relation of to Htlbl iodine 


value, 248-250. 


oxidizability of, comparative* 


Bruyn and Van Leent ; refractometer 


256. 


values of oils, 199, 


— - refining, methods of, 109. 


Buckley's piston-rod bearing, 380. 


refractive index of, 198. 


J'miainc; process for estimating hydro- 
carbons in beeswax, 235. 


refractometer value of, 1 99, 


Reichert and Meiaal values of. 


Burning-point of oils, 178. 


232, 309. 


Burstyu ; effects of free acid in lubricants, 


saponification value of, 213, 


204. 


309. 




— setting- point of, 191, 

solubility of, in alcohol, 308. 


Camel iys oil, iodine value of, 245. 


iodine value of mixed fa try 


— - solubility of, in mineral oil, 


acids from, 246. 


109, 


melting- and solidifying-poiuts 

of mixed fatty acids from, 197. 


• — - solubility of mineral oil in, 109, 


no. 


refractometer value of, 199. 


source of, 108. 


saponification value of, 213, 


__. 
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Caster oil, tasting of; 



INHEX. 



I 



508-309 . 
i matter, percent- 
_io£ in, 228. 

viscosity of, 159, 161, 808. 

Oman, melting-point of, 196. 

— saponification value of, 218. 
sparine gravity of, 178. 

Caryl acetate, yield and saponification 
▼alas ct, 284. 

Cetyi acstets, yiald and aaponifiomtion 
Tains of, 284. 

Ostyi alcohol in spermaceti, 288. 

Cfcatteway ; refractometer Tains of sperm 
oil, 199. 

Chemical testing of lubricants, 295-818. 

Chlorophyll in vegetable oils, 99. 

Cholesterol acetate, yield and saponifica- 
tion ralne of, 284. 

characteristics of, 222. 

colour reactions of, 281, 282. 

distinction of, from lsocholesterol, 

228. 

and separation from phyto- 

sterol,222. 

— iodine value of, 248. 

— occurence of, in wool fat, liTer oils, 

etc, 215, 219, 222, 288. 
Ckgne; melting-point of cacao butter 

modified by heating, 192. 
Clay-slate for bearings, 354. 
Clayton ; friction of railway vehicle*, 68. 
railway wagon grease as lubricant, 

124. 
Cloth-oil testers, 269, 270. 
Coal-tar oil, specific gravity of, 177. 
Coconut oil, acid, free, proportion of, in, 

111. 

characters, general, of, 110. 

constants of, 80S. 

expression and extraction, 

methods of, 110. 

iodine value of, 245, 809. 

iodine value of mixed fatty 

acids from, 245. 
lubricant for light machinery, 

use as, 101. 

melting-point of, 196. 

melting- and solidifving-points 

of mixed fatty acids from, 197. 
Reichert and Meissl values of, 

282, 309. 

saponification value of, 213, 309. 

source of, 110. 

specific gravity of, 176. 

testing of, 309. 

Cod-liver oil, uxline value of, 245. 
melting- and solidifying-points ! 

of mixed fatty acids from, 19/. i 
oxidizability of, comparative, I 

256. i 



Cod-liver oil, r e fr ac ti v e index of, 198. 

r ef ractomater value of, lM. 

Reichert and Meissl vatoei < 

282. 

saponification value of; 211 

— setting-point of, 191. 

specific gravity of, 176. 

— — nnsaponifiable matter, parent- 

sge of, in, 228. 
Cohesion between copper surfaces, 8. 

— glass surfaces, 8. 

— lead surfaces, 3. 

— marble surfaces, 3. 

figures, 44. 

p r e ss u re and, 5. 

Tait on, 3. 

Cold-teat (see Setting-point). 

Coleman ; spontaneous oombnstion of oily 

waste, 288. 

viscometer, 140-143. 

Coleseed (rapeseedl 102. 

Collar bearings, lubrication of, 880. 

Colophony (rosin), destructive distillsta 

of, 119. 
detection of; in oil, fit, or 

grease, 284. 
estimation of, by Twiteaeffi 

process, 227-229. 

— iodine value of, 248. 

specific gravity of, 176. 

Colour reactions of cholesterol, 281, 

282. 

of cottonseed oil, 277-280. 

of phytoeterol, 281-282. 

resin acids, 284-288. 

rosin oil, 282-284. 

sesame oil, 280, 231. 

Colza (seed, oil), 102. 
Connecting-rod oil cups, 378. 
Consistence of fats and greases, determina- 
tion of, 162-164. 
Contamination films, 5. 

lionid surface, 40. 

solid surfsce, 36. 

Cook ; method of determining melting- 
point, 195. 
Corn oil (see Maize oil). 
Corrosion of metals by free fatty acids in 

oils, 204-206. 
of steam cylinders by fatty acids, 

100. 
Coste snd Parry ; properties of commercial 

neatsfoot oil, 313. 
Cottonseed oil, acetyl value of, 237-239. 

acid free, in, 202. 

— blown, acetyl value of, 240. 

blown, distinction of, from 

blown rape oil, 316. 

blown, Hehner value of, 228. 

blown, iodine value of, 246. 
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tonseed oil, blown, Reichert-Meissl 

value of, 232. 
colour reactions of, 277, 278, 

280, 304. 

iodine value of, 244, 245. 

iodine value of mixed fatty 

acids from, 245. 

Maumene* value of, 252. 

melting- and solidifying-points 

of mixed fatty acids from, 197. 
oxidation, increase of weight of, 

by, 257, 259. 
oxidizability of, comparative, 

256. 
oxygen, absorption of, by, 260, 

261. 

refractive index of, 198. 

refractometer value of, 199. 

Reichert and Meissl values of, 

232. 

saponification value of, 213. 

setting-point of, 191. 

specific gravity of, 176. 

specific gravity of mixed fatty 

acids from, 177. 
unsaponifiable matter in, per- 
centage of, 223. 
ttonseed stearin, iodine value of, 245. 
iodine value of mixed fatty 

acids from, 245. 

melting-point of, 196. 

melting- and solidifying-points 

of mixed fatty acids from, 197. 

saponification value of, 218. 

specific gravity of, 176. 

ilomb ; friction research, 6. 

— laws of solid friction, 7. 

— on flow through capillary tubes, 23. 
icking of mineral oil (see also Destructive 

Distillation), 91. 
tnk-pin, lubrication of, 359. 
>ton oil, acetyl value of, 237. 

Reichert-Meissl value of, 232. 

rcas oil, acetyl value of, 239. 

iodine value of, 245. 

melting- and solidifying-points 

of mixed fatty acids from, 197. 

Reichert-Meissl value of, 232. 

saponification value of, 213. 

setting-point of, 191. 

specific gravity of, 176. 

Inder oil from astatki, 96. 

' valvoline,' 159, 161. 

inder oils, filtered, manufacture of, 92. 

flashing-points of, 178. 

(mineral), viscosity of, 159, 161. 

oxygen, absorption of, by, 261. 

— — reduced, manufacture of, 92. 
viscosity of, 298. 

volatility of, 183-186. 



Cylinders and valves, application of lubri- 
cants to steam-, 421. 

imperfect nature of lubrication 

of steam-, 419. 

Cylinders, steam-, lubricators for, 885-891. 

corrosion of, by fatty acids, 100, 

420. 

design of, 391. 

drain valve for, 391. 

passages, deposits in, 420. 

water, effect of, in steam-, 36, 

421. 

Cylindrical bearings, effects of load and 
speed on pressure-film of, 73. 

results produced by wear of, 72. 

Dalican's ' titre test/ 196, 311. 

Deeley ; lubricator for steam-cylinders, 889. 

and Wolff, lubrication of plane 

parallel surfaces, 64. 
Deering; free acid in tallow, castor oil, 

and sperm oil, 203. 
(and Redwood), solubility of castor 

oil in alcohol, 308. 

viscosity of castor oil, 808. 

Deggut or 'goudron,' from Russian 

petroleum, 95. 
De Negri and Fabris ; estimation of arachis 

oil in olive oil, 275, 276. 

iodine valtie of olive oil, 306. 

Density, determination of, 172. 

of lubricating oils, effect of change of 

temperature on, 173, 175. 

of water at 4° to 100° C, 174. 

relation of, to specific gravity, 164. 

(see also Specific Gravity). 

Deprez and Napoli's oil -testing machine 

(disc), 338. 
Destructive distillation, 89, 90. 
Diffusion of metals, 4. 
Distillation, destructive, 89, 90. 

in vacuo, 92, 93. 

Distilled oils, manufacture of, from astatki, 

95, 96. 
— manufacture of, from residuum, 

92-95. 

manufacture of, from shale, 96. 

Dolphin-body oil, Hehner value of, 228. 

« iodine value of, 245. 

Reichert value of, 232. 

saponification value of, 213. 

specific gravity of, 176. 

Dolphin-jaw oil, composition of, 115. 

constants of, 116, 303. 

Hehner value of, 228. 

identification of, 315. 

iodine value of, 245. 

lubricant for watches, 115, 408. 

preparation of, 115. 

Reichert value of, 282. 

2e 




F-MSy consistence, detpnn matron of, 163- 

1*4. 

iodine ralue of (Stf£*V . 225. 

meitrnrr- and solidifyinsr-pointe* d«- I 

terminarim ot 1S3-1**. | 
■ meiong-poina of (tabl>\ 19$. i 
m#?tiTi!g of, phenomena observed in 

the/192. 

sapouiiicaGon nines of (tao&), 213*. 

specinc gravities of. at <50* F. (iaWf)» j 

17*. 
unsaponinable matter in, percentage 

of iable\ 223. j 

Fatty acids, acetylation of, by Benedxkt's 

method, 236. 
action of acetic anhydride on, 

235, 237, 23$. 
chemical action of, on metals, 

204-206. 

free, in oils (see Acid). 

free, in oils, determination of, 

206-208. m , 
free, in oils, gravimetric esti- 
mation of; 20?. 
free, permissible amount of, in 

lubricants, 208, 209. 
insoluble, estimation of, 226. 



<* lubricating, 3*& 

3L 

TclodtT in, H 
of beat on, 39. 

^^— plartjc ftov in, 30. 

strength of; 54. 

thickness of, 357. 

viscous flow in, 67. 

otEness of lubricating, 37. 

oily or greasy lubricating, 31. 

plastic lubricating? 29. 

pressure-, effectof load on thkkne» 

of, 3*4. 

pressure-, friction of, 358. 

properties of, Reinold on, 38. 

Rueker on, 38. 

solubility of superficial, 40. 

Film-test for oxidizing and gumming 
properties of oils, 255. 

by Holde with rarious fixed ofls, 

256. 
Filters, oil, 401, 403. 
Finkener ; test for rosin oil in mineral oil, 
285. 

test for purity of castor oil, 308. 

Fire caused by spontaneous ignition of oily 

rags, etc, 268. 
Firing-point ( • fire- test *), determination of, 

178. 
Fish oil, comparative oxidizability of, 256. 
Fixed oils, acetyl values of (tabUs), 237- 
239. 

— acid, free, in, nature and 

amount of, 201. 
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Fixed oila, chemical action of, on metals, 


Freezing of lubricants, 396, 


204- 


Freezing-point (fltt 


— — decomposition of, in steam- 


Mfitftou, Dfftfa, 10. 


cylinders, 100. 


coefficient of, 6. 


detection of, in mineral oils, 209. 


coefficient of, at low speeds with good 


detection of mineral cabin, 210. 


lubrication, 57, 


differences from mineral oils, 


coefficient of, between metals, 8. 


©9-101, 


coefficient of, with varying loads and 


drying, semi -drying and non- 


■pmdtj 61. 


drySng, 99, 1<M>. 
estimation and identification of, 


cohesion and, 3. 


■ contamination films and, 5, 7. 


in mixed oils, 824-22$, 


continuity of static and kinetic co- 


flashing- points of, 178. 


tanl of, 57. 


Hehnef Tallies of {UtbU), 228. 


cylindrical bearing, 74, 7f>, 


iodine values of (tables), 244, 


due to viscosity of pressure- film, 358. 


245, 


effects of area sod load upon, 81. 

- — effects of area upon cylindrical bear- 


— Maumene' values of {t*tbh) t SSSi 


• oxidation and gumming of (see 


ing, 79. 


Oxuiativn), 254-261. 


effects of method of lubrication and 


■ oxygen in, percentage of, 98. 


contact area upon, 82, 


— — properties of, 99, 


effects of speed on dry, 8, 10, 


refining small quantities of, pro- 


effects of viscosity on, of cylindrical 


cess for, 209. 


bearings, 76. 


Reichert and Meissl values of 


effects, on machinery at low speeds, 56. 


(toUt), m 


estimation of losses due to, 4J5. 


saponification values of {.' 


* Goodman on losses from, 51. 


213. 


heating by, 14, 


— ■ setting-points of, 187. 


high speed, due to viscosity of luhri- 


sources and composition of, 99, 


etut, 355. 


specific gravities of, at 60 J F«, 


influence of viscosity of lubricant on, 


99, 164, 176. 


56. 


unsaponififtble matter in, per- 


kinetic coefficient of, 6. 


centages of {tubh) t 223, 


- — - laws of solid, 10. 


Flashing-rioiut, Abel test for determining, 


leather belt, 9. 


179. 


liquid (see Viscontt/) t 16-29. 


'closed test' for, 179. 


losses resulting from, with lubricated 


determination of, 179-183. 


bearings, 61, 42S. 


Cray's tester lor determining, 181. 


of machines, 1. 


limits of safety, 178. 


- — -'Magnolia' uu-1 'i experi- 


meaning of, 178. 


ments on, 8. 


of cylinder oils, 178. 


Marin's apparatus, 6. 


of fixed oils, 178. 


pivot, variation of, with speed and 


of mineral lubricating oils, 97, 178, 


load, 69. 


'open test' for, 179. 


plastic lubricating film, 52. 


Peuskv- Mar tens test for, 179, 

volatility of oils compared with, 186. 


* plastic, nature of, 

namit'i uperUueata on, 7. 


Fluorescence, or 'bloom/ 93, 97. 


rolling, 2, 3, I a. 


characteristic of hydrocarbon oils, 


rone, L 


220. 


seizing, produced by, 5. 


destroyed hy nitronaphthalene, etc., 


sliding, 2, 


292. 


—- solid, 1, 2, 7. 


how best seen, 220. 


solid, nature of, 2. 


Fox j chemical action of fatty acids on lead, 


static coefficient of, 6. 


204, 205. 


static coefficient of fabricated sur- 


- — oxygen absorption test, 260. 

(and Buynes), changes caused by 


face, 52. 


static, viscosity and, 52. 


blowing oik, 117. 


surface conditio]], influence of, on, 7. 


(and Barnes), Hehner values of blown 


theory of solid, by Hele Shaw, 9. 

. thin lubricating film, H, 


oik t 228, 


Fractional distillation, 90. 


variation of, with speed, 354, 



IB, wear i by, 3* 

m clutirlii^, w»^tr of, 2. 
•ol teat for sesame oil, 281, 
m lubricator, 801. 

x>$ (Douglas) ; brake friction experi* 

niMuta, 11* 
: ue % 9J, 
^n ' for thickening mineral oils, 120» 

291. 
ly ; ^|M>titAiioous ignition of oily 

waste, 268, 
-j ' oil, viscoii ty of, 1 59* 
in, determination of specific grevxty 

of, 166. 
Ml and water, determination of vis- 
cosities of, 130-134, 
viscosities of at 20° C. (table), 

184-137, 
Laun : estimation of volatile fatty 

irkU, 229. 

ii ; chaago of coefficient of friction 

ffitb increasing load and speed, &L 

efficient of friction at low speeds, 57. 

naa resulting from bearing friction, 

61. 

* speed friction, experiments on, 

58, ao. 

iickness of oil films, 357. 
- iiacosity and cylindrical bearing 

friutioti, on, 78, 
Goodman's mechanical testing machine 

(drum), 334. 
1 Goudron,' characteristics of. 95. 

— lubricating grease made from. 95. 
Grapeseed oil, acetyl value of, 237. 
Graphite for heavy loads, 405, 409. 
Gray ; flashing-point apparatus. 181. , 
Grease, analysis of, systematic, 317. A- 

cart, from Galician petroleum, 86. 

consistence of, methods of measuring 

the, 162-164. 

'cup,' manufacture of, 122. 

detection of soap in, 291. 

detection of inorganic substances and 

starch in, 291. 

— ' engine,' manufacture of, 122. 
melting of, phonomena observed in 

the, 192. 
melting-point, determination of, 

192-198. 
quantity consumed in railway wagon 

lubrication, 124. 

railway wagon, 123. 

rosin, manufacture of, analyses, and 

uses of, 124, 125, 405. 
soap - thickened, manufacture and 

analyses of, 121-124. 
Grease-cup lubricator, 385. 
Greasiness, property of lubricants, 31, 896. 
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Gripper ; approximate analysis of miiei 

lubricating oils, 214. 
Gumming of oils sometime* due to fret 

acids, 206. 
und oxidation of lubricating ofli, 

254-267, 395, 

* (bug also O.fidaiiim). 

Gun -metal for bearings, 347, 
Gypaum for bearing*, 354. 

Kabdocx- liver oil, iodine value at, 24& 

specific gravity of, 176. 

Hageubach on estimation of energy of 
capillary flow, 27. 

Hall, Proctor ; measurement of surface ten- 
sion, 46-48. 

Halphen ; colour reaction of cottonsetd 
oil, 280. 

Hardness, measurement of, 345* 

Heat, mechanical equivalent of, 

Heating of bearings, 416* 

viscosity an J, 417. 

Hedge-muatard oil, 103. 

Hedge-radish oil, 103. 

HefTorri, C. E.; on crank-pin lub 
359. 

Helmet ; obur nation on Beechfo cotton- 
seed oil test, 279* 

(and Mitchell), bromine thermal test, 

247, 248. 

Heupe rvalue, determination of the, 226-. 

of fixed and blown oils (table), 

228. 

use of in the analysis of lubri- 
cants, 226. 

Hele-Shaw ; theory of solid friction, 9. 

Hempseed oil, acetyl value of, 237, 

iodine value of, 245. 

of mixed fatty acids from, 245. 

oxidation of, change of weight 

by, 259. 

— melting- and solidirying-pointt 

of mixed tatty acids from, 197. 

refractometer value of, 199. 

saponification value o£ 213. 

setting-point of, 191. 

specific gravity of, 176. 

unsaponifiable matter, percent- 
age of, in, 223. 

Hesse ; colour test for cholesterol, 281. 

Hickory (wood) for bearings, 353. 

Hide for wheel teeth, 854. 

High speeds, viscosity of oils for, 298. 

Him ; friction of lubricated surfaces, 9. 

Hofmeister ; methods for determination of 
setting-points, 189. 

Holde ; asphalt and resin in mineral oils, 
288-290. 

— changes undergone by mineral oils ex- 
posed to air in thin films, 261-267. 
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Holde ; colour reaction of rosin oil, 283. 
detection of fatty oil in mineral oil, 

210, 315. 
detection of mineral oil in fatty oil, 

210. 

detection of nitronaphthalene, 292. 

detection of water in oils, 292. 

determination of flashing-point, 180- 

181. 

Engler's viscometer, use of, 145. 

organic acids in mineral oils, 209. 

oxidation of fixed oils, 256. 

oxygen absorption test, 2G0. 

paraffin in mineral oils, estimation 

of, 287. 

Reich ert-Meissl values of oils, 231. 

Holly (wood) for bearings, 353. 

Holt ; drain valve for steam cylinders, 391. 

Hooper ; acidity of commercial neatsfoot 

oil, 313. 
Horse fat, iodine value of, 245. 
iodine value of mixed fatty acids 

from, 245. 

melting : point of, 196. 

melting- and solidifying-points 

of mixed fatty acids from, 197. 
Reichert and Meissl values of, 

232. 

— saponification value of, 213. 

specific gravity of, 176. 

Horse foot oil, acetyl value of, 239. 
Howat, A.; drop sight-feed lubricator, 385. 
Hiibl iodine process, chemical reactions of 

the, 240, 241, 243-247. 

value (see Iodine Value). 

1 Huile tournante' (' hnile d'enfer'), 107. 
Hurst ; volatility of machine oils, 183. 
Hydrocarbon oils (see Mineral lubricat- 
ing oils, Rosin oil). 
Hydrocarbons, identification of, in un- 

saponifiable matter, 219. 

occurrence of, in beeswax, 233. 

Hydrolysis of fatty esters, 100. 
Hydrometers, 169-171. 

Illuminating oils from petroleum, 87, 
90. 

yield increased by cracking, 91. 

Ingham and Stapfer ; oil-testing machine 
{drum), 330. 

Iodine value calculated from bromine 
thermal test, 248-250. 

calculated from Mauniene* test, 

254. 

comparative results by Htibl 

and Wijs's processes, 244. 

determination of, by Httbl's pro- 
cess, 241-244. 

— determination of, by Wys's pro- 
cess, 244. 



Iodine value, meaning and use of, in 
analysis of oils, 240. 

of blown oils, alcohols, resins, 

solid hydrocarbons, mineral lubri- 
cating oils, and rosin oil (table), 
246. 

of fixed oils, fats and waxes 

(table), 245. 

of mixed fatty acids (table), 245. 

Isocholesterol, characteristics of, 222. 

distinction of, from cholesterol, 223. 

occurrence of, in wool fat, 222, 223. 

Jacob v's alloy for bearings, 351. 

Japan wax, iodine value of, 245. 

melting- and solidifying-points 

of mixed tatty acids from, 197. 

saponification value of, 213. 

specific gravity of, 176. 

Jean (Amagat and), differential refracto- 
meter, 198. 

refractometer values of oils, 199. 

Jenkin ; continuity of static and kinetic 
coefficient of friction, 8, 57. 

Jenkins ; bromine thermal test, 248. 

Jessop ; lubrication of connecting-rod big- 
ends, 378. 

Jewelled bearings, 370. 

Joule ; mechanical equivalent of heat,' 14. 

Journals, corrosion of, by free fatty acids 
in oils, 204. 

Kelley's watch oil, results of examination 
of, 116. 

Kelvin ; law of molecular attractions, 33. 

liquids for illustrating interfacial 

tension, 34. 

superficial solubility, 40. 

Kerosene illuminating oil from petroleum, 
90. 

Kimball on friction and speed, 8. 

on low speed friction, 57, 60. 

Kingston's metal for bearings, 351. 

Kissling ; apparatus for determining con- 
sistence of fats, 162. 

oxidation of linseed oil, 257. 

spontaneous heating of oily fibrous 

mineral, 268. 

Koettstorfer ; ' degrees ' (of acidity), 206. 

value (saponification value), 210-214. 

Kunkler ; apparatus for determining con- 
sistence of fats, 162. 

viscometer, 145-147. 

Laplace ; stability of liquids and solids in 

contact, 36. 
'Lapping' (process of grinding hard 

metals), 3. 
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Lard, iodine rtlnc oC 245. 

k»iiirf value of mixed fatty acids (ram, 

245. 
hfrreant, with graphite, for heavy 

loads, 4*"'5. 

Ki«Cti&^-rx.'iEt of. 196. 

nehirg- aai solidifying-points of 

sixei fattv acids from, 197. 

RcxhertUeaal value of, 232. 

saponification value of, 213. 

s?*cifi: gravity of, 17«. 

u*Aar>oai£ib!e matter, percentage of, 

in." 223. 
L*rd aC, characters, grnerai, and composi- 

treof. 111. 
coefficient of friction (static) 

with, 52. 
»n£talii!g point of, in relation 

to iodic? value. 312. 

tt-£*&ints of genuine, 303. 

inline ralce of, 245. 312. 

MassttDc value o£ 312. 

proration of, from lard, 112. 

refni:tomet*r value o£ 199. 

saponification value of, 213, 

312. 

setting-point of. 191. 

specific gravity of, 176. 312. 

specific gravity of mixed fiitty 






. :.:r..K 



.Itrra:;:* in, 312. 
nia::«.r. {-er.ent 



Lwis; rrs::. *.::> ::. r >::i oil. 12 \ 
Lcf^iir.-. a~.L l>-au: : use- of glycerol for 

Ke::r.rr:-Mei>>* : re r>s, 230. 
Leo-iri : irtc-.:::z> cf ni:rv::.tT«Lth-ilene, 



Lewi*. \V. L : wi:;h ar.-l 
Lrwk.-.ts 



(.•earing. 



; :.e 



; a.rty. v.i.ur, determination 



.foils,: :'*■",), 239. 
Trillion to BenedikTs 



• ace:y. vi.-.; : 

■ Acetyl v^ljt 

■ i::.i, :'rrr. :- iV.ni oil. 202. 
.Lolesteivl. action of i*otash-linie on. 



23.-. 



ny, estimation of, by Twit- 



r.ve», --y 



ioviine value, determination of the, 

244. 

Milliau test for cottonseed oil, 279. 

urat*:oo: oil, proi-erties of, 313. 

nitric a;M test for cottonseed oil. 



rosin oil. ^voiri." gravity of, 119. 

<}*r:n oil. al.ohols o( t 233. 

s|vr:n oil, co:ni«osi:ion of, 114. 

tallow, iodine vaiue of, 310. 



Lewkowitach ; nnsaponifiable matter, rela- 
tion of, to fire risk, 269. 
Liebermann ; colour reaction of cholesterol, 
resin acids and rosin oil, 282-2S4. 

Lignum vita for bearings, 353. 

limestone for bearings, 354. 

Linseed oil, acetyl value of, 237, 239. 
blown, Hehner value of, 228. 

iodine value of, 244. 

iodine value of mixed nitty 

acids from, 244, 245. 

Maumene value of, 252. 

melting- and solidifying-points 

of mixed fatty acids from, 197. 

oxidation of, increase of weight 

by, 257, 259. 

oxygen, absorption of, by, 260. 

refractive index of, 198." 

refractometer value of, 199. 

Reichert-Meissl value of, 232. 

saponification value of, 213. 

— setting-point of, 191. 

specific gravity of, 176. 

. specific gravity of mixed fatly 

acids from, 177. 

nnsaponifiable matter, percent- 
age of, in, 223. 

Liquids, miscibility of, 34. 

Livache ; drying of oils by oxidation, 
I 254. 

test for oxidation of oils, 256, 257. 

Loads admi>sii>le on bearings, 367. 

on ball bearings, 3S3. 

on pivot bearings, 382. 

on plane surface bearings, 379. 

Lobry de Bruyn ; detection of mineral oil 
in sperm oil, 210, 315. 

Locomotive engiues, loads on bearing of, 
374. 

lubrication of bearings ot\ 374. 

. viscosity of oils for, 29$. 

, Lovibond's tint- meter for observing the 
colour of oils, 297. 

Lubricants, acidity of, 395. 

aduht ration of, 393. 

age, changes produced by, 400. 

analysis by expert advisable, 394. 

blending of, 399. 

boiler fitting, 409. 

clarification of, 401. 

cost and efficiency of, 410. 

decomposition of, 420. 

filters for, 401. 

freezing of, 396. 

friction of solid, 6. 

genuineness of, 393. 

greasiness of, 396. 

grit, etc., in, 404. 

gumming ot, 395. 

high speed, 407. 
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Lubricants, kinds of, suitable for various 
loads and speeds, 399, 405-410. 

low-speed, 405. 

measurement of efficiency of, 418. 

mechanical testing of, 319-340. 

methods of applying, 384. 

miscellaneous machine, 407, 408. 

mixed fatty and mineral oils, 54. 

analysis of, 317, 318. 

moderate speed, 406. 

nut and bolt, 409. 

oiliness of, 396. 

plumbago, for cast-iron, 347. 

precipitation of paraffin wax in, 400. 

selection of, 410. 

solid, 409. 

solid, shear of, 5. 

staining by, 398. 

straining of, 398, 404. 

testing of, by physical and chemical 

methods, 295-818, 394. 

testing of, by mechanical methods, 

319-340. 

use of fats and greases as, 401. 

variable oiliness of, 39. 

viscosity of, 397. 

Lubricating films, effect of heat on, 39. 

formation of, 64. 

formation of cylindrical-bearing, 

73. 

formation of plane parallel, 65. 

thickness of cylindrical bearing, 

76. 

thin, at low speeds, 55, 62. 

Lubricating oils, composition and identifi- 
cation of unsaponifiable matter in, 
219-224. 

containing sperm oil or wool 

fat and mineral oil, analysis of, 
233. 

density, alteration in, caused 

by change of temperature, 173, 
175. 

expansion of (see alteration in 

density), 173, 175. 

mineral (see Mineral lubricat- 
ing oils). 

mineral, proportion of, obtained 

from crude petroleum, 87. 

mineral, spoiled by destructive 

distillation, 91. 

mixed, approximate analysis of, 

214. 

— mixed, estimation and identifi- 
cation of the aaponifiable oil in, 
224-226. 

mixed, estimation ol unsaponi- 
fiable matter in, 215-219. 

mixed, systematic analysis of, 

317. 



Lubricating oils, oxidation and gumming 

of, 254-267. 
oxygen, absorption of, by, 260, 

261. 
Lubrication, abrasion, importance of, to 

prevent, 55. 

bath-, 83. 

bath-, Tower's experiments on, 362. 

collar bearing, 380. 

conditions of 51. 

connecting-rod big-end, 378. 

contamination films and, 49. 

cutting tools, of, 422. 

cylinder, effects of water on, 54, 421. 

economical, 424. 

effects of film -strength on, 54. 

efficiency of, at different loads and 

speeds, 61. 

efficient, 384. 

equations illustrating conditions of 

pivot, 68. 
force pump, 362. 

— friction reduced by, 49. 

greases used for low speed, 63. 

heating of lubricating films, 863. 

high speed pressure-film, 64. 

imperfect, 82. 

low speed, 50. 

conditions of, 55. 

means of effecting, 2. 

methodical habits of, 418. 

objects of, 49. 

oil-pump distribution, 385. 

oil-spray chambers, 358. 

oily pad, 83. 

pad, Tower's experiments on, 361. 

plane parallel surface, conditions of, 

64. 

' perfect,' 50. 

advantages of, 356. 

plastic solids, use of, for, 63. 

saturated pad, 83. 

static, 51. 

steam cylinder and valve, 419-422. 

superficial solubility and, 40. 

theory of, 49-84. 

high speed, 50. 

low speed, 62. 

the lubrication of cylindrical 

surfaces, 72-81. 
the lubrication of inclined plane 

surfaces, 69-72. 
the lubrication of plane parallel 

surfaces, 65. 

— viscous flow and, 17. 
Lubricator, Deeley, for steam cylinders, 

389. 
displacement, for steam cylinders, 

887. 
drop sight-feed, 385 
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Lubricator, Furness, for steam cylinders, 
891. 

grease cop, 885. 

Ottewell, for steam cylinders, 888. 

Roscoe, for steam cylinders, 887. 

siphon, 885. 

Lungwitz (see Schweitzer). 

Lux's test for fatty oil in mineral oil, 209. 



Machinery, cleanliness of, 411. 

efficiency of, 411. 

heavy, viscosity of oil for, 298. 

hiffh 8 peed, viscosity of oil for, 298. 

light, viscosity of oil for, 298. 

lightness and efficiency of modern, 

412. 

management of, 411-418. 

— miscellaneous, lubrication of, 407. 

oil, dark medium, viscosity of, 159, 

161. 

light, from astatki, 96. 

oil-testing (see Testing irmchines), 

319-340. 

preservation of standing, 415. 

starting new, 412. 

M'llhiney ; estimation of rosin oil in 
mineral oil, 286. 

Mackey ; cloth-oil tester, 270, 271. 

results obtained with, 271. 

spontaneous ignition of oily materials, 

268, 269. 

unsaponifiable matter, relation of to 

tire-risk, 269. 

MacNaught's testing machine (disc), 336. 

Magnolia metal for bearings, 351. 

mechanical test of, 352. 

Maize oil, acetyl value of, 239. 

iodine value of, 244, 245. 

iodine value of mixed fatty acids 

from, 245. 

melting- and solidify in g-points 

of mixed fatty acids from, 197. 

Reichert value of, 232. 

saponification value of, 213. 

setting-point of, 191. 

specific gravity of, 176. 

unsuitability of, for lubrication, 

101. 

unsaponifiable matter, per- 
centage of, in, 223. 

Manganese bronze for bearings, 348. 

Maple (wood) for bearings, 353. 

Marangoni ; behaviour of liquids in con- 
tact, 34. 

stability of liquids and solids in con- 
tact, 36. 

Marine-engine cylinders aometvmca xkA, 

lubricated, 421. 
Marine engines, viscosity of oVY for, *2&%. 



Maumene' thermal test for oils, 250-252. 

thermal values of oils (tabic), 251 

thermal value, relation of, to iodine 

value, 254. 

Maxwell on viscous and plastic flow, 29. 

Mayer (L.) ; examination of tallow for 
cottonseed oil or stearin, 810. 

'Mazut,' residuum from Hassan 
petroleum, 98. 

Mechanical testing of lubricants, 319-340. 

Mechanism, efficiency of, 424. 

Meissl (see Reichert). 

' Melon oil ' from head of dolphin, 115. 

Melting-point, determination of, prepara- 
tion of substance for, 193. 

by Bach's method, 195. 

by Bensemann's method, 195. 

by capillary tube method, 194. 

by Cook's method, 195. 

by Pohl's method, 193. 

by Stock's method, 198. 

of fats and greases, 192-198. 

— of lubricants, objects of determining, 
192. 

Menhaden oil, iodine value of, 245. 

— Maumene' value of, 252. 

Reichert value of, 232. 

specific gravity of, 176. 

unsaponifiable matter, per- 
centage of, in, 223. 

Metals, corrosion of, by fatty acids in oils, 
204-206. 

diffusion of, 4. 

relative hardness of, 345. 

Michelson ; on measurement of superficial 
tension, 46. 

Milliau test for cottonseed oil, 278. 

test for sesame oil, 281. 

Mineral acid, free, determination of, in 
oils, 208. 

in refined rape oil, 301. 

permissible amount of, 209. 

Mineral lubricating oils, acid, free, in, 201 r 
209, 299. 

ash in, proportion and estimation 

of, 292, 299. 

asphalt in, detection and estima- 
tion of, 288-290, 300. 

boiling-point of, 97. 

caoutchouc, detection of, in, 

290, 300. 

cold-test of, 97. 

colour of, 296. 

composition of, 97, 98. 

detection of, in fatty oil, 210. 

fatty oil, detection of, in, 20i> 

299. 

v ure-risk of, 269. 

\ tas&vafe\«KX. ^\ % W % VT& N 297. 

\ ^yv\, vcAl 3taX v&^Rb ^ *^A., 
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Mineral lubricating oils, gumming of, 261- 
267, 300, 395. 

— — inorganic substances, detection 

of, in, 291. 

iodine value of, 98, 246. 

— manufacture of, 89-97. 

odour of, 296. 

oxygen, absorption of, by, 261. 

paraffin, estimation of, in, 287. 

properties and composition of, 

39, 97-99. 

purposes suitable for, 407. 

— refractive index of, 198. 

rosin oil in, detection and esti- 
mation of, 284-286, 299. 

• saponitiable oil, estimation of, 

in, 219. 

saponification value of (nil), 

213. 

settiug-point of, 97, 187, 192, 

298. 

soap, detection of, in, 291, 299. 

sources of, 86-89. 

specific gravity of, 97, 177, 297. 

spontaneous combustion pre- 
vented by, 269. 

systematic testing of, by physi- 
cal and chemical methods, 296-300. 

■ viscosity, determination of, 297. 

• viscosity of, 159, 160, 161. 

viscosity of, factitious, 120, 

121. 

' volatility of, 183-186, 297, 419. 

■ volatility and flashing-point of, 

compared, 186. 

Miscibility, interfacial tension and, 35. 

Mitchell (see Hehner). 

'Mixing-oils' prepared from solar oil, 
95. 

Molecular stresses, intensity of, 33. 

Molecules, liquid attractions of, 32. 

stresses on surface, 33. 

Moore ; constants of porpoise and dolphin 
jaw oils, 116. 

Beichert values of oils, 231, 232. 

Morawski ; colour reaction of resin acids, 
284. 

Morin ; frictional research, 6. 

Motors, indication of, 425. 

Mustard oil, iodine value of, 245. 

iodine value of mixed fatty 

acids from, 245. 

melting- and solidifying- points 

of mixed fattv acids from, 197. 

oxidizability of, comparative, 

256. 

«— refractive index of, 198. 

saponification value of, 213. 

— setting-point of, 191. 

specific gravity of, 176. 



Myricyl acetate, yield and saponification 

value of, 234. 
alcohol, occurrence of, in beeswax 

and carnauba wax, 233. 

Naphtha, crude, from petroleum, 90. 

Napier on friction and viscosity, 363. 

•Natural oils,' 92. 

Neatsfoot oil, acid, free in, 312. 

characters, general, of, 113, 312. 

cold effect of, in, 113. 

constants of genuine, 303. 

iodine value of mixed fatty acids 

from, 245. 

melting- and solidify ing-pointa 

of mixed fatty acids from, 197. 

preparation of, 113, 312. 

purposes suitable for, as lubri- 
cant, 101, 113, 406, 408. 

refractive index of, 198. 

refractometer value of, 199. 

saponification value of, 213. 

setting-point of, 191. 

specific gravity of, 176. 

testing of, for adulterants, 312,. 

313. 

unsaponifiable matter in, per 

cent., 313. 

— — used as lubricant for clocks, 118. 

used for mixing with mineral 

oil, 101. 

' Neutral oil,' manufacture of, 93. 

Niger-seed oil, iodine value of, 245. 

iodine value of mixed fatty 

acids from, 245. 

— melting- and solidifying-pointa 

of mixed fatty acids from, 197. 

Maumene* thermal value of, 

252. 

refractometer value of, 199. 

saponification value of, 213. 

setting- point of, 191. 

specific gravity of, 176. 

Nitrobenzene and nitronaphthalene, detec- 
tion of, 292. 

Nitronaphthalene, used for destroying 
fluorescence or ' bloom,' 93. 

Nordlinger ; free acid in castor oil, 203. 

Nuts, lubricant for, 409. 

Oak (wood) for bearings, 353. 

Octadecyl acetate, yield and saponification 

value of; 234. 

alcohol in spermaceti, 233. 

Oil-cups, cleaning and examination of, 415. 

Oil-feeders, 427. 

* Oil-pulp* or 'thickener,' 120, 291. 

Oil stains, 398. 

Oil-testing machines (see Testing machines,. 

mechanical), 398. 





■ nit* f. muos, 

_s*lv*lw*ot 233. 
■poerifiniHon valoe of, ill, 30*. 

— Ktrlnrrent of t Iff. 

axrrre «£ 1M. 

tt*eirie gravity of, 1 1% XML 

speeiijc gravity of mixed £atty 

adJ* from, 17?. 

tearing of. *>3tm***\ $&5-307, 

njuapjiaifiahle nutter in, per 

cent,, 22$, W. 

varieties of ('virgin,* * super- 
fine,' etc,}, 106w 

- — — - viscosity of, 159. 

01ive>kerael oil, c&iracters of, 108. 

iodine nine of t 215. 

* * * saponification value of, 213. 

— specific gravity of ( 176. 

Ordway l cloth -oil tester, 269. 

— — haehing-pomts of mineral lubricating 
oils, 1/8. 



l-erf allow f 311. 

of iutocatin* 
2M- «7, *»£ 

by iael j divided n»* 



t of otla by, 2»- 

ttmbe a teat, 2S& 
efrnfteraJotKaSl-geX 

acetyl valncn of, 2S& 

ML 

valiMro^24«. 
ttex aim CrtaataV 

roda.m 
Pad* examrimtwei of lubricating, 111 
• Pale' (ndaeraj V oQa, *2, 97. 
Paha eel, arid, fee, in, U0, 202, 309. 
of, 110. 
Of, life 

t* of genuine, 302. 
exttmrtioa, saet&od of, 110, 
iodise value of, 245. 

value of mixed &ttr irids 
245, 

of, 196. 
of mixed fatty 

w ym< 

Eekliaft ami Meusl tiko of* 

value 4 211 
of, lift 

: gravity of, 176. 

I gravity of mixed fctxj 






testing of, 3O0 + 

uoaaponi£able matter in, per 

eent_, 223. 

_ used for making railway wagon 

grease, 101. 
Falm-nnt oil, characters and composition 

of, 110, 
distinction of, from other fan* 

Mfc 

Hehner value of, 22S. 

iodine valne of, 245, 309, 

iodine value of mixed &tty id&i 

from, '245. 

melting -point of, 196. 

melting- and solidifying- points 

of mixird fatty ociita from, 197* 
Bekbcrt and Meiaal valnea of, 

232, 309. 



•nut oil, saponification value of, 213, 
309. 
— source of, 110, 

itio gravity of, 176. 
oils,' 92. 
i wax, estimation of, in mineral 
lubricating oils, 287. 

identification of, in uusaponi- 

fiable matter, | 

iodine value of, 246. 

manufacture of, from petroleum 

and shale oil, 90, 96. 

melting-point of, 196. 

saponin cation value of {nil), 213. 

spec i tit! gravity of, 176, 220, 

i (see Caste), 

l Hon. C. A.; snindle- bearing, 375. 
ma* metal for bearings, 351. 
l-kernel oil, acetyl value of, 237. 

j rcfractometor values of oils, 
399. 

J bearings, 370, 373. 
^Martens flashing- point apparatus, 

179-181, 
ost ; on removal of oil-stains from 
399. 

joleum, crude, characters and composi- 
tion of, from various countries, 87- 
89. 

estimated annual production of, 

87. 

nature aud occurrence of, 86. 

pa I illuminating and 

lubricating oil in, 87. 

pi tuned from, 90. 

jhor-bronze for bearings, 348. 
tosterul, ehantitstiatii 

— colour reactions of, 
distinction and separation of, from 

Cholestin 1 1, 822. 

— iodine value of, 246. 

Lrrence of, in vegetable oils, 215, 
219, 
, lubrication of, 379. 
in-rod, metallic packing lor, 352, 332. 
non-metallic packing tor, M. 
ts, 1 i location °t 64, 69, 

"to friction, 29, 62, 
ties (Agnes) ; contamination of liquid 
U ii "laces, 40. 
nille'a formula for flow of liquid 

through capillary tubes, 23, 127. 
t metric test for rosin oil in mineral 

oil, 285. 
o ; araohidic acid in rape oil, 105, 
276. 
i oil, acetyl value of, 237. 

— iodine value of, 245. 

— iodine value of mixed 
acids from, 245, 



Poppy seed oil, Matt mane value of, 252. 
melting- and solidifying-poiuts 

of mixed fatty acids from, 197, 
— oxidation of, increase of weight 

by, 257, 259. 
oxidizability of, comparative, 

256. 

refractive index of, 198* 

rafractorooUr value of, 199. 

R etcher t-Meissl value of, 232. 

saponification value of, 213. 

setting-point of, 191. 

■ sjHjciric gravity of, 176. 

specific gravity of mixed fatty 

acids from, 177. 

unsaponifiable matter in, per 

2^3. 
Porpoise-body oil, Hehner value of, 228, 

« iodine value of, 246. 

Reichert-Mciss] values of, 232. 

saponification value of, 213. 

setting-point of, 191. 

^>eeiHc gravity of, 176. 

Porpoise-jaw oil, chemical constants of, 

116, 303. 

composition of, 115. 

extraction of, from head-fat of 

porpoise, 115. 

. Hehner value of, 228. 

identification of, 

iodine value of, 245, 

- Keichert and Meissl values of, 

232. 

saponification value of, 213. 

source of, 115. 

used for lubricating watches, 

etc, 101, 115, 408. 
Power, cost of producing, iJl. 
Pressure-film (lubricating), 

under which formed, 64. 
— form of, on cylimlrical bearings, 

73. 
— — Tower's measurements of thick* 

nesa of, 75. 
PuUey, loose-, Smith s self-oiling, 376. 
Pyknomet« u lit for taking specific 

gravity, 184 
'Pyrene oil' 1 refuse 

oil), 106, 108. 

Ragokink, V, I.; commences manufacture 
ot lubricating oils from astatki, 95. 

Railway oars, viscosity of oil for, 298. 

Kiucidit v of oils, not the same as acidity, 
204. 

Rape oil, acetyl value of, 237 t 239. 

acid, free, in 301. 

- * acid, fare sulphuric, in, 105, 

301. 

arachidic acid in, 105, 





LTlh»4Sit 

tot 10*. 
i grarity of, 17«. 
— — i|if iftc gravity of mind fatty 
177, 

matter h, n* 
L,*3L 

in fores of water bom- 

*uBArt of l^uifr with solids, 54. 

— -i^. <frcc iu m. ?J& IK. emOAittaczon of liquid surfain, 40. 

— J5g*nn*h iiiiinM~iin it. 2HL JKwef xutcrfaoal tension, 34. 

iT». IT". — man j u a of lipoid films, 54. 

if warn*. ML ' I*i * o^ae oil, moany of, 159, ML 

j£ " favnoni out. characteristics of, ML 

JJS. — — tautens of manufacture, 91 

- x».ia* ^at3fr -t ifc*. 3fl9. 3U& E oi o ia w l (BorwtDn) ; expnanon af 
uuia* *a*3* n" urn atfsy tbkoout, 140. 

- lar-n^gr "^.^ i£ i5i Ki> (D*«tax aad\ fret add ii out* 

- lata:- bxu. ^liuirrrrit-aMiO* . «£, 333L 
&a»: l— *.>u» 2r.ni. ^K*. .I hsil-j : and), solubility of 

zmjl iC jn*r*s*« n -wajoc «I in alrahol, 309. 



i»-. ST S^ D**rax and), viscosity of caw* 

^^~ uz-.'TaniTr id .-jmounEaiu. oil. MS. 

i5tf. ;Vti Iacswi L J.) : action of oils on matin, 
Axr^nu* aAMtncuB. jC j«l 2*L :»*. 

«. _ ' " ^wnm. mnna&etiire oC 121, 122. 

*^— — "— — --/T »t:wyr -rr ^'x^chzzu i0KK9siBa, nWrnisnc mall o'santitias of °^\ proton 

^. ' " "5.T. *'*. 

: :-; . . :...-: ? ;p^«v xarr%:rL- =.:-.>: :\r rils. I9f-20X 

■..'-. " iic^rr* :z-I::-* of ::Ia .?'''• . 19S. 
-•■■-. ■ ■: iz. .. ".«*. jwr-k:::e.-=:=r. iif-rrrziLil- «.f ATnacitind 

— ■ - ■•■ ■■■•■..: ... :•!«. ;?a^. :;?. 

-— ■ \ :&?. -T.it* jfl r,»Ci ::* :L? * "*>, 199. 

-" . i.* j::-:r: rex-**. 2iS. 

» . : i.: : .. :■■ j.: H J. ^L*» ;: ::> • -=.v . 232. 

i*'„ ..^n -^t:*; t rxrss 230. 

-^ ■— : . •:. taI;,; ::::;* ;r: ! V\ 232. 

- - . * ': iiJUfr *z i *W:.I : *j:i >f hi^h meiung- 

: ,-. :..:•*.:■: *::.::::- ray* :.l. 276. 

>. -. *"■■- - :. i>. i*-'r- ia^i-:!l: -- :i:. "£-■£» . f Liquid dims, 45. 

> :• " """ ?.f^Lrl. .-:=::•>:::. ^ ::"r--s:a «il f 120. 

-. ^ - >k :.!-•■. J: T- -*:L=.ir. - :: iri.'iis oil in olirt oil, 

*-?. i:- r . ::«l 

..si • *. .-• L.i":-r .:. t*- >'«.'*;: iizi. * ;!iar». terisn.'* of t 93. 

■:"—.;.•. i^-rrrzoe '•=r»-e=. Americin and 

-^ ■ -. " \* J : rliA*:^. .V. 

"ii.'r-s*:. ■ ..*■ ^ ; i. : ;. . ~.i- ifA-inrg ;: di*::II«d oil* from, 

i^ 'afc\: .. \;. i - ■•!. ■;*. i,.\ ?-->?> 

**:. .v. ... :-: *-L.j!*i tiIih -inrr i- : >---c* of. S7. 90. 

■ - -. — j-.ili -?ri->.*i : t era: king, 93. 

'at*. T.-~f: > -r 1 '«•"- T.rr. <t* aIs: a* ■:*■.". 

■■».::•■■! :■; .:'. :0. ir>^.^ .:*:*:r.:= ani <srlmation of, in 

' : :■:■«*■!..■. i z_: a- ::*::- v::-Ij ni:--»I oil*. 255-290. 

'*-■•'. i*o. «»* als: C ■'. .:•».. sk\ 

>*.>:*:•;:: ^Li« :r. i^i. wj^::Ii5 .0*":-tl«" : o*. n iitions determin- 

-■:.::;• i: L ?«.'L :i* *. -^ -rcizts ii^ ne^ij riscoa* rlow. 25, 127. 

:i •'. '.*:■" it:.- i.:U:>;i. l.*T. ^h«ana^ of las -heating nimi, 
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eynolds (Osborne), lubrication of inclined 
plane surfaces, 69. 

physical and mechanical vis- 

23. 

theory of rolling friction, IS. 

thickness of lubricating oil* 

film*, 357. 
— - viscosity anil lubrication, 81. 
• viscous flow between approach- 
ing surfaces, 67, 

viscous theory of lubrication , 50, 

lene,' volatile spirit from crude 
petroleum, 90, 
ehards ; on Grdway's cloth-oil tester, 
269. 
Richmond ; development of the Reichert 

process, 230. 
itsert; ran.: i,| l!v of oQs, -0-1. 
oberte-Aij-t ii ; oa dilluKiou of metals, 4. 
oiler-bearings, design of, 384. 
oils, lubricant for, 03. 

oe ; lubricator for steam cylinders, 384. 
i {see Colophony), 
i grease, 124, 125. 
i oil, anhydrides and esters in, 120. 

— characters, general, of, 119, 

— colour reactions of, 282-284. 

— oompotitJon of, 120. 
detection and estimation of, in 

mineral oil, 284-286. 
i orties of, 120. 

— iodine value of, 246. 
~ manufacture of, from rosin, 1 1 fc 

— manufacture of grease from, 
120, 124. 

— oxygen, absorption of, hy t 261. 

— refractive index of, 198. 

— refractonieter value of, 199, 

— resin acids in, 120. 
rotation of, 120, 285. 

— suability of, in acetone and 
alcohol, 284, 285. 

— specific gravity of, 119, 177. 
used for batching jute, 120, 

absen seed and oil, 102. 
Rucker ; on thickness of oil-films, 45. 
Kahemann, detection of fatty oil in 

mineral oil, 209. 
Russian machine oils, viscosity of, 159-161, 
- oils {««' ting oils). 

• residuum (mm As/^tb'}. 

Salkowski j colour reaction of cholesterol, 

281. 
— observation on setting-point of eod- 

livtr oil, 187, 
Saponification, nature of, 100, 

equivalent (Allm), 214, 

value, determination of, 211. 

meaning and use of, 210, 214. 



Saponification value of oils, fats, and waxes 

{U'bk\ 213. 
Saidiuo oil, iodine value of, 245. 

- — - saponification value of, 213, 

specific gravity of, 176. 

■ — ■ — unsapniuthLlr matter in, per 

cent., 223, 
Saybolfs viscometer, 143, 144. 
Bohiff; colour reaction I eroJ, 282, 

Sehottner ; viscosity of give erol, 134, 
Schultz - f method for determining the 

^ttiug-points of oils, 190. 
Schweitzer ; factitious viscosity of mineral 

oils, 1.1. 
Schweitzer and Lungwitz ; characteristics 

of genuine lard oil, 312. 
characteristics of refined whale 

oil, 313. 
determination of the iodine 

value, 244, 

— - test for soap ra mineral oil, 291 , 

Scotch method of determining the setting- 
points of shale oils, 188. 
Scotch oils (see 

■i oil). 
Soott-Moncrieff ; friction and viscosity, 

363. 
Screwing liquids (see Drffifag liquids), 

125. 
Seal oi!, blown, Hchner value of, 228, 

iodine value of, 245, 

Mau me mi value of, 252. 

melting- and solid ifying-pointo 

of mixed fatty acids from, 

■ refractonieter value of, 199. 

Reichert value of, 

saponification value of, 213. 

■ setting-] omt of, 191* 

specific gravity of, 176. 

unsaponifiable matter in, 

cent., 
Seizing of lead, tin, wrought iron, etc., 5. 
Sesame oil , ace ty 1 v i i 

colour reaction of, 280, 281. 

iodine value of. 244, 245. 

iodine value of mixed fatty acids 

from, 245, 

Mauutt-nc value of, 252. 

melting- and solidifying-points 

of mixed fatty acids from, 197, 
- — oxidation of, increase of weight 

by, 257, 259. 
oxidizability of, comparative, 

— — . refractive index of, 198. 

— — * refractonieter value of, 199. 

Reichert and Meiaal valaes of, 

9 H 

saponification value of, 213. 

setting-point of, 191. 







ISMSxSm BTMB) ML 
(t** Minrrnl f *6rrafr^p *t7)> 
l-lirw oQ, acetyl vain* of* 
? value of, 345. 
— - ieff*e«ometer silra of, ID*. 

Mponificfttioa nlw of, 213. 

>— sfjeetflc gTSVltV o£ 17* 
T.; plumbago u lubricant for 
iron, 409* 

varnish for protecting 
beatings, 410. 
Siphon-feed, oil-lifting power of trim- 
mtfigi, 418, 

lubricator, 3£G. 

Skate-liver oil, iodin* Table of, 245. 
■ — - ■— - ■ ipecine gravity of, 17 6, 
Slide-block*, load* on, 380, 
Slides, theory of lubrication of, 6ft-72. 
Smith (Angus) ; oxygen absorption test, 

200, 
^^— (Ford), design of bearings by, 36X 

(R. H, ) ; magnolia metal, test of, 

352. 
8 n alee wood for bearing*, 353. 
Soap, detection of, in mineral oils And 
greases, 291, 

i 'p>KT«ration of, from fixed oils, 100. 

(faubhk) films, Boys on, 32. 

— solution for making, 32, 

(see also Soft map), 

— .thick ened greases, manufacture and 
analysts of, 121-124, 317,318. 

aQs^ 120, 121, 317, 318, 

Soapstone, lubricant for heavy loads, 405, 

40ft. 
Soft-soap, purpoies suitable for as lubri- 
cant, 400. 
•Solar oil ,' 95, 
Solid lubricants, 409. 
Solids, friction of, 1-15. 
superficial tension of, 35. 



177. 

of rosin oils, 177- 

of vegetable and 

oils, 03, 164, 176. 
of waxes, 176. 



[find) 



reduction of, from one standard 

to another, 172. 
— — — redaction to the vacuum, 171, 
— — relation to hydrometer degrees 

{tabkl 171. 

(see also Density). 

Specific temperature reaction, 253, 
Sperm oils, acid, free, in, 114, 203, £04, 

314. 
- Arctic and Southern, compari- 
son of, 313, 314. 

Chirac tera, general, of, 114. 

composition o^ 114, 

constanta of genuine, 303. 

estimation of, in presence of 

mineral oil, 233. 
extraction of, from the blubber, 

114. 

flashing* point of, 315, 

■ identification of the unsapoai- 

liable matter from, 221, 224, 3& 

' ■■ — v iodine value of, 245, 311* 

iodine value of mixed fattj 

acids from, 245, 
iodine value of unssponifisbk 

matter from, 246* 
lubricants for light m»chin«rj 

and spindles, 101. 
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oils, lubricants, as, purposes suit- 
able for, 406, 408. 

Maumene" value of, 314. 

inciting- and Bolidifyiog^pointi 

of mixed fatty acids from, 197, 

ai4. 

— mineral oil in, detection of, 
815, 

— oxidizability of, comparative, 
256. 

oxygen, absorption of, by, 261. 

^—properties of mixed Uooholl 
from, 221,224,233, 284, 816. 

refractive index of, 198. 

refractomcter value of, 199, 

114 

Reich ert value of, 282. 

saponification value of, 213, 

314, 815, 

separation of spermaceti from, 

114. 

^ting-point xf, 191, 314 

— South' ni and Arctic, compari- 
son of, 313, 314. 

Southern and Arctic, sources of, 

114. 

specific gravity of, 176, 314, 

315. 

V. 'iiri. gravity of nratpquffl- 
nbJe matter from, 177. 

static coefficient of frictiou with, 

52. 

testing of, for adulterants, 313, 

314, lift. 

unsapon a liable matter in, par 

cent., 223, 314, 315. 
unsaponiti&ble matter in t pro- 
per- , 233, 234, 315. 

uusapouifiable matter in, yield 

of acetates from, 234. 

— viscosity of and effect of tern* 
perature on, 114, 115, 159, 160, 
314, 

Spermaceti, composition of, 233, 

■ iodine value of, 245. 

■ melliiig.puint of, 196. 

■ saponification value of, 213. 

■ separation of, from sperm oil, 114. 
— specific gravity of, 17ti. 

- UDflnponitiabk' matter in, per cent*, 

223. 
Spindle bearing, Parsons 1 , Hon. C, A., 

875, 
Spindle oils from astatkt, 96. 

- viioodtj of, 1W, 160. 298. 
Spontaneous combustion of oilv rags, etc., 

268-272. 

causes of, 268. 

danger of, from free fatty acid 

in oils, 268. 



Spontaneous combustion, influence of the 

nature of tbe fibrous material on, 

268. 

prevented by mineral oil, 269. 

■ tfsttng oils to ascertain their 

liability to, 261' 
Sprengel-tube for specific gravity deter* 

mutations, 166, 167. 
Spring (Widths- re) ; welding of metallic 

powders, 4, 6. 
Staining of fabrics by lubricants, 898. 
. oil, cause and removal of, 399, 
BtttZD-feflning proctsi be mineral lubri- 

I'.itingoils, 91. 
Stein buch ; Reichert-Meiss) value of por- 
poise body and jaw oils, 116, 232. 
Stephenson's alloy, 351. 
Stock ; corrosion of iron by free fatty a 

206. 
method of determining melting point 

of grease, 193. 

Milliau test for cottonseed oil, 279. 

Storch ; colour reaction of rosin oil, 282. 
estimation of rosin oil in mineral oil, 

285. 
Straining of lubricants, 404. 
Stroudler*s oil-testing machine (drew), 

331. 
1 Sulphocarbou oil f (refuse olive oil), 106. 
Sulphuric acid, free, in refined rape oil, 

301. 
Sulphuric acid (Mauineue) thermal test for 

oils, 250-264. 
Sunflower oil, iodine value of, 245, 
iodine value of mixed fatty acids 

from, 245. 
melting- and solidifying-points 

of ii tcids from, 197. 
- oxidizability of, compare 

25o. 

refractomcter value of, 199. 

Reicfcert-Meisal value of, 232. 

saponification value of, 213. 

^^ set ting- point of, 1LM. 

■ specific gravity of, 176* 

' Suuned oil,* 92. 

1 Sunning' process, 92, 

irjusion and lubrication, 31-48. 

^— and solubility, 89. 

at interfaces of liquids and 

solids, 36. 
— - caused by stresses of surface 

molecules, 33. 

circumstances which modify, 39. 

- effect of, on lubricating films, 

53. 

— effects of contamination ou, 41. 

evaporation related to, 39. 

influence of, on behaviour of 

liquids in contact, 36, 



-fee* 

T»lkw«L testing of, 31 L 
see also AniwuU oS). 

Ya2w-ssaarine,*112- 

Tar i£L ■ulfe firmritj of, 177. 
Tnv «f la hrioaftia, by chemkal am 
Mini methods, »*-»*. 

Vi m< Iiibh il iiwtliiwTi.ini W 

of £x^ oik ami mta, 300-313. 

ofmaeraloila, 236-300. 

«f adnd oik — d greases, 817, HI 

rfv»a-rriWd oils, 295. 

Tm^macfciBea, mochanWl, 319-34* 

dmc mad collar forma, 3aV 

3*0- 

<mmjm of, 320. 

Ji-IT. dram form, 322-335. 

soar of teats with, 320. 

pm po o rs vsed for, 32L 

TamriTTf Kanimri nl 1 urn 13L. saxaJbihtj of disc and ooDar 

Tmlam* mstvi imxu* if. 2W. farm* of. 335. 

mnL 5?»l m. ILi :3EL Hi ralae of, for testing tobricasti, 

cnuru. it l^L 319. 

" jl :ii. Tmvmal test for oils with bromine, 247- 

■ -if rinmw. &3L 250L 

- Sir ^ * am ra king 1H. for oils with solphnrio seal, 

- ndzn« m^u < i*j. tl ). 251-254. 




iodine ttIiw jc aixad fans- scam T fcmJkamd o£b (see Afar* otbV 

5™, 2±5. lmasr; Besdftort-Mmaal values of ofls, 

fcxhecsat, wim grsaaxoe, Sir heavy 231. 

Lmis. 4>75. " lmmamm : foe acid in ofla, 203, 204 

x»:j±:.r-}'. .3T :£ -«•?. and Ballinryne, specific temperature 

x.-:Ir.z^-" i.-'i j*: ii- Lrnz;-Tciz3 of rea«:::>n f 253. 

=_i-: rtrrr *.:ii* froc:." IJT. changes produced by blowing 

Sdi.^Tt iz : 5;--*: teI--* .l 232. oil*. 117, 316. 

r^a'i-rrjij: . f. 1 1 1 T&rosotx. E. H. : experiments on static 

iAV t :^LZ'T.i'.'.:rL tiI-- :?, 213, $l\ friction, 52. 

#.r*?;>-.* ■: ■•'. 1 1 1. the selection of economical lubricants, 

sisprn-i-ri iz&.li'ii-i izipcrities in. 42«5. 

31:. * Thurston's oil-testing machine {drum), 

?r-*:iz: zn-iir ::, IT'S. design of. 322. 

5T *::•!: rr-tvirr :f rr : T»i fattv acids machine, methods of working, 

*:•*:=:. "1 77. " ' 327. 
testis: or", :':r a i-ilierants, etc., 310, Titre-test, 196. 

311. Tools, lubrication of cutting-, 422. 
nnsac-Gciddbl-? matter in, per cent., Tortelli and Ruggeri; estimation of arachil 

22:3. oil in olive oil, 274-276. 
valuation of, by the ' titre teat,' Tower (Beaucbamp). experiments on labnV 

311. " cation, 31. 

viscosity of, 159. experiment* on pivot friction, 

water in, 310. 64. 

Tallow oil, characters, general, of, 112. friction experiments {rtfcrtva), 

composition of, 112. 50. 

constants of genuine, 303. on collar-bearings, 380. 

expression of, from tallow, 112. . on pivot-bearings, 881. 

io-iine value of, 245, 311. on positions for oil-ways of bear* 

lubricant, used for mixing with , ings, 360. 

mineral oil, 101, 112. ' testing-machine {collar), 339. 

refractometer value of, 199. ! testing- machine {disc or fitci), 

soliclifyin^-poiut of, 311. i 339. 

specific gravity of, 311. • testing-machine {drum), 833. 
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Tower (Bean champ), viscosity and cylin- 
drical bearing friction, 78. 

— wear of bearings, 368. 

Train oil, comparative oxidizability of, 
256. 

Tram-cars, viscosity of oils for, 298. 

Trimmings, examination of, 415. 

flow of lubricants in, 43. 

Tamer's sclerometer, 346. 

Twitchell ; process for estimation of rosin 
(colophony), 227-229. 

Ulzer (see BenediM). 

Unsaponifiable matter, composition and 

identification of, 219-224. 

determination of, 215-219. 

examination of, by acetylation 

process, 231-235. 
from sperm oil and solid waxes, 

224. 
identification of hydrocarbons 

in, 219. 
identification of wax alcohols in, 

221. 
— identification of cholesterols in, 

222. 

soap in the, 223. 

unsaponifiable oil in, 223. 

use of determining the, 215. 

Unwin ; ' carboid ' for bearings, 354. 
on estimation of hardness, 345. 

Vacuum process of distillation, 91. 
Valenta ; characteristics of bone fat, 311. 
' Valvoline,' cylinder oil, viscosity of, 159, 

161. 
Van Leent ; refractometer values of oils, 

199. 
Vaseline, identification of, in unsaponi- 
fiable matter, 220. 

iodine value of, 246. 

lubricant, with graphite, for heavy 

loads, 405. 

melting-point of, 196. 

obtained from petroleum, 90. 

saponification value of (nil), 213. 

specific gravity of, 176, 220. 

Vegetable oils, distinction of, from animal 

oils, 222. 

used for lubrication, list of, 101. 

(see Fixed oils). 

Villavecchia and Fabris ; furfurol test for 

sesame oil, 281. 

observations on olive oil, 281. 

Vine© ; friction research, 6. 

Virgin (olive) oil, 106. 

4 Visoom,' for thickening mineral oils, 120, 

291. 
Viscometer, absolute, description of an, 

127-129. 



Viscometer, Coleman-Archbutt, 140-143. 

Engler's standard, 144-145. 

inlet end resistance of capillary tube 

of, 28. 

Kunkler's, 145-147. 

method of standardizing a com- 
mercial, 148-153. 

proportions of, 28. 

Redwood's standard, 138-140. 

results obtained by standardizing 

Redwood's and Coleman's, 149-153. 

Saybolt's, 143-144. 

standardized commercial, rules for 

determining viscosity by means of, 

153. 
Viscometry, absolute, 126-137. 

commercial, 137-153. 

Poisouille's absolute method of, 126. 

rules for, by means of standardized 

commercial viscometer, 153. 
Viscosity, absolute, of oils determined by 

the Coleman viscometer, 154-157. 
absolute, of oils determined by the 

Redwood viscometer, 158. 
absolute, summary of determinations, 

159. 

cohesion and, 17. 

critical velocity of liquids and, 24. 

determination of (see Viscometry). 

direct viscous flow and, 23. 

effects of, on friction of bearings, 76, 

355, 358. 
effects of temperature and pressure 

on, 25. 

energy-correction in estimating, 27. 

expression of, 19, 140, 146, 147. 

factitious, 120. 

heating of bearings produced by, 417. 

liquid, 16-29. 

mechanical, 23. 

nature of, 16. 

of castor oil, 169, 161. 

of glycerol and water, determination 

of, 130-134. 
of glycerol and water, table of, 134- 

137. 

of lubricants causes friction, 397. 

of oils for different purposes, 298. 

of oils, precautions in determining, 

139. 

of olive oil, 159-160. 

of mineral lubricating oils, 97, 159, 

160, 161. 

of rape oil, 159, 161. 

of tallow, 159. 

of water, determination of, 129, 130. 

— physical, 23. 

«— sources of error in determining, 27. 
Viscous flow, circumstances which con- 
duce to steady, 26. 

2f 





tfaz<lf*. 
rvafeteClfiL 

*ectnw- coins of, 191. 

— specific gravity °*» *"*> 

Wartha ; comwire Action of oieie acid mpom 

iron, 2<W. 
Watch-glass test for oxidizing property of 

oil*, 255. 
Wateh-oiL Keliev*&. results of examination 

of, 116. " 
Water, detection and estimation of. in oils 

and greases, 293, 294. 

density of, at 4*-100 J I . itao/e), 174. 

viscosity of, at 20* C, 129, 130. 

Waxes, composition of, 100. 

distinction of, from fats and oils, 

100. 
estimation of unsaponi&ible matter 

in, 215. 

iodine rallies of (ktblt), 245. 

melting-points of (tabic), 196. 

properties of mixed alcohols obtained 

from (tabl<\ 224. 
results obtained by acetylation of 

mixed alcohols from, 234. 

saponification values of, 213. 

specific gravities at 60* F. of, 176. 

unsapouifiable matter in, per cent., 

223. 
Wear, estimation of losses due to, 426. 
— — of cylindrical bearings- pi 



1UL 



iMGM*alMof ltftlUL 

ftpim* *»1m of mini May 
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- — — andnuilifcy ox. 



ctosnets 



valneo<;i99,m> 
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ERRATA. 

Page 45, line 11 from top, for Rtwkcr read Jiilcker. 

„ 288 „ 8 from bottom, ,, benzine ,, benzerw. 

„ 815 ,. 18 from top, „ Lolmj „ Lobvy. 

,, 351 ,, 5 from bottom of table, „ Voucher „ Vaiwhrr. 
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